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"An investigation into the impact of 3D digital modelling media on industrial 
designers' internal and external modes of communication. " 
Effective communication in product design facilitates effective decision-making, 
which in turn is essential to a successful design process. The medium of 
communication is therefore likely to influence the decision making process, making 
the appropriate selection of media key to the progress of a project. Based on this 
premise, this study investigates the impact that 3D digital media is having on 
designers' internal and external modes of communication, in association with other 
media tools and techniques which are used. 
Analysis of a range of commercial product design case studies has enabled the 
creation of a tool assisting both the practice of industrial designers or the teaching of 
the use of 3D digital media to industrial design students. The tool helps designers 
appreciate the tactical application of digital technologies, to establish how, when and 
why digital media might be employed as a communication tool within the design 
process. 
Action Research methodologies were drawn on to develop a research framework for 
the study. This comprised three core elements: reflective practice, reflection on 
practice, and reflection on reflective practice. The data derived from these supported 
the methods used for case study compilation and cross-case analysis. 
The tool for practice takes the form of a heuristic map, intended to help the industrial 
designer understand the appropriate use, and integration of, traditional and digital 
media throughout the design process. Central to this understanding is the premise 
that it is just as important to design practice to consider 3D digital media as a tool for 
communication, as well as for design. 
The study seeks to build a bridge between theory and practice, through the 
amalgamation of practitioner based research and qualitative observational research 
methods. Publication of the findings via a CD & website contribute to the 
accessibility of the process and findings of the research investigation. 
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PREFACE 
This thesis is based on an investigation carried out within the Centre for Industrial 
Design (CflD), a research-led design consultancy based within the Centre for Design 
Research (CDR) at the University of Northumbria at Newcastle (UNN). The 
resources for the programme were, for the main body of the investigation, those 
provided within the Centre for Industrial Design and the central libraries at UNN. 
This programme has sought to constantly benchmark its progress against that of 
others. This has been done in part through the publication and presentation of papers 
in journals, conferences and seminars', however there have also been a number of 
factors and events that have served to shape and influence this thesis. 
Project Circumstances 
In 1990 the Department of Design at UNN invested in a three-dimensional (3D) 
surface modeller, Alias, running on a Silicon Graphics Workstation". As Course 
Leader of the Design for Industry (DFI) course, my now Director of Studies, Dr 
Robert Young, was quick to realise that involvement with a research culture was 
essential for the long term future of the subject area and further, that the use of 3D 
computing in design was an area that would require significant research attention. At 
the same time, one of the senior lecturers, Brian Wilson, was promoting the idea that 
the course needed to have a more formal basis for it's as then ad hoc. consultancy 
' WARBURTON, N. What have we learnt so far about using computers, at Networking Design, Design for Industry Course 
Conference, UNN, March 21,1996. 
WARBURTON, N. Digital Integration & Designer Tactics. CADE Postgraduate Conference, Coventry University, March 26, 
1996. 
WARBURTON, N. A Heuristic Model for Digitally Integrated Design, in Co-Design Journal, 07.08.09,1996, p. 22-27. 
WARBURTON, N. The Integration of the Digital in the Design Process, at Multi-Viewpoint, Shaping the Human Computer 
Interface, DRS Seminar, UNN, July 2,1998. 
Workstation: see Glossary 
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activities. The CflD was set up the following year with a remit to expand both the 
consultancy and research activities of the department. 
I joined UNN as a research associate in early 1992, along with my then research 
partner, Kevin McCullagh. We had a dual role: one, to assist the CflD in establishing 
its consultancy activities, and two, to engage in active research into the use of 3D 
computing technologies in industrial design. As graduate designers we were naive as 
to the requirements of formal research and the process of coming to terms with the 
requirements presented many challenges. I believe that there are two main reasons 
for this: in the first instance, a vocational design degree does not prepare you for the 
more technical aspects of research and study; second and perhaps more importantly, 
we were among the first of a new wave of design researchers for whom there were 
fewer practical or methodological precedents than in the more established research 
fields such as science or the humanities. 
Before long, the commercial pace in the Centre began to quicken, with the 
research/design team undertaking a range of commercial design contracts. The 
Centre promoted itself as a research-led design consultancy with the majority of 
these commercial contacts established due to an interest in working with new 
computer aided design (CAD) technologies. The execution of these contracts through 
the implementation of CAD became our core area of interest and the basis upon 
which we promoted our activities. It quickly became apparent that research and 
practice had to work hand in hand, for practice to draw from the findings of research 
and vice versa. 
The CID had originally been based within the environment of the DFI course, 
however the demand for space, a need for a more professional environment and 
increasing pressure for confidentiality led to the Centre moving to self contained 
offices within the department by the end of 1994. As the business grew, the physical 
hardware resource base, as well as the personnel base, increased rapidly. Not only 
were we accommodating more researchers, but had employed a number of designers 
Xdv 
who had no formal research remit. The CflD had become a fully independent cost 
centre and a fully functioning industrial design consultancy. 
Influencing events 
The Centre had established a strong and valuable symbiotic relationship between 
research and practice, but prioritisation between commercial and research activities 
was a constant issue. On a personal level, as a senior member of staff responsible for 
project management, this constrained the time available to conduct my research 
programme, which tended to be concentrated into intensive periods of activity. 
Commercial pressures continued to pressure the symbiotic relationship between 
practice and research and towards the end of 1996, the situation was resolved when 
the more commercially oriented staff in the CfID formed a spin-out design 
consultancy as part of a large engineering group. 
With the main investigative phase of the study complete, I decided that my future 
was to be in an alternative commercial domain and, in April 1997 I joined an 
established design consultancy, Random Product Design, as a senior designer. 
Random were already heavy users of 3D CAD and had been running Solid 
Designer"' for some years. At the time I joined they were converting to a new 
modeller: Unigraphics'", which combines the use of solid and surface modelling in a 
single package. Working with these new packages within a different design culture 
provided me with further insights, many of which have influenced this thesis. 
Inevitably, the demands of my new job were significant and the writing up of the 
research programme was delayed as a result, however, this is offset by the 
opportunity for a wider view and further reflection about its outcomes. Another event 
to affect the research programme occurred in January 1999, when Random was 
liquidated under the direction of its parent company, Random Group plc. A few 
months later the majority of the staff of Random set up a new company, Alloy Total 
"' Solid Designer see Glossary 
Unigraphics: see Glossary 
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Product Design, of which I am currently a director. Alloy's working practices are 
focused around the use of 3D CAD as a core tool, providing yet further insights for 
the research programme. 
Despite initial concerns, the extended time span of the research programme has 
added significant depth and value to the outcomes of the project. This has enabled 
the research to adopt a more realistic perspective on the impact that digital 
technologies have had on the industrial design profession than a more fast-track 
programme may have done. Having worked with and developed methods for the use 
of these technologies within three different companies, I have found that although 
over time techniques and software have changed, the core thinking remains 
remarkably similar to that of the early 90's. In addition to this I would argue that this 
programme presents an important insight into the issues and problems surrounding 
carrying out true research within a truly commercial context, which is constantly 
changing and unpredictable. 
Supporting visual material 
This thesis consists of two core elements: a written document and an interactive CD. 
Due to the extensive amount of visual information that supports the thesis, the 
parallel viewing of the CD is essential to the full understanding of the thesis. A 
requirement to view the CD is indicated by the use of a CD icon next to the relevant 
section heading. This will be illustrated more fully in the following section. 
How to use the CD 
The CD can be viewed using an Internet browser, i. e. Netscape Navigator or Internet 
Explorer, versions 4 and above. There are two versions of the CD, one to be viewed 
via a PC, the other via an Apple Macintosh. 
To view the CD, load the appropriate CD type (Mac or PC) into the drive, the CD 
will launch automatically, showing the title page as shown on the following page 
xvi 
(top left). Click on the arrow to continue. If the CD does not launch automatically, 
open an appropriate browser and open the file CD\intro\html\index. html. 
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of simple icons (above right). Click on the forward arrow to continue. 
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The reader will then be presented 
with the contents list (left), this 
list has the same numbering 
system as the main thesis, but is 
truncated to show only elements 
that have material on the CD. 
xvii 
The cue to view the CD is the inclusion of the CD icon next to a section heading, as 
illustrated by (1 - top left). When the reader sees this icon, they should click on the 
corresponding number/section heading on the CD contents list (2 - middle) and the 
appropriate material will be displayed (3 - bottom left). 
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How to use the Heuristic Map 
Click on the contents list heading: 'A heuristic map for digitally integrated design'. 
Following a short introduction (click on `continue' to proceed), there follows a 
description of how to navigate the map step by step (below). 
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At any point in the heuristic map there is the opportunity to a view a series of help 
pages, these describe various aspects of the map in more detail and include 
information on: the thesis abstract, the case studies and a map guide. There is also an 
explanation of some of the terminology used in the map such as `design actions, 
`communication types and 'media types'. The help contents page and a sample from 
one of the help pages are illustrated below. 
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Chapter 1: Introduction 
"The greatest difference between the designer and the single independent 
craftsperson is that the craftsperson does not have the problem of 
communicating his or her intentions to others for translation into objects. 
The designer, however, must make his or her intentions explicit - 
communication is at the heart of industrial design. " 
DORMER, P. Design since 1945, Thames & Hudson, 1993, p. 9-10. 
1.0 INTRODUCTION 
1.1 Introduction 
With computers now ubiquitous in the mainstream of everyday life, there is little 
doubt that information technology is having a real effect on our lives. This is not 
least the case in industrial design, where computing technology has followed in the 
wake of advances in engineering and manufacturing. During the past ten years, 
industrial designers have struggled to come to terms with what these changes mean 
for both the profession and the everyday working practices of industrial designers. 
Independent design consultancies have been hit hardest by these changes' having to 
develop new strategies and ways of working with a client and supplier base that have 
an increasingly technological focus. Often far removed from the strategic debate, 
designers must learn how to use these new technologies and make them work to best 
advantage. 
An area of significant interest is in the effect that three-dimensional (3D) computing 
technology is having on the tactical application of the tools and techniques that 
designers use. This 3D computing technology creates a number of forms of 3D 
generated digital media that designers use to communicate both internally within 
their own teams, and externally to clients or suppliers. However, in order to establish 
the relevance of this 3D digital media, it is necessary to look at all forms of media 
used by designers within their practice of designing. Therefore, although the focus of 
interest is on the appropriate use of the digital media, which are based on, or derived 
from, the integration of 3D digital modelling with the design process, the use of all 
forms of media, both traditional and digital, is considered. This thesis is founded on 
the premise that effective communication is key to the design process in that it acts 
as a facilitator for decision-making. Further, that the selection of media will 
influence the effectiveness of the communication and therefore, that the appropriate 
selection of media is key to successful decision-making and ultimately a successful 
design project. 
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The study is based on a body of work carried out between 1992 and 1996 and is 
focused on the use of 3D computing as a decision making tool within the design 
process. The objective is to help designers understand the tactical use of 3D digital 
media within their everyday working practices. Set against the backdrop of both 
traditional and digital media, it seeks to establish the means how, the points when, 
and the reasons why, 3D digital media might be used for communication within the 
industrial design process. The principal vehicle for answering these questions was 
through the mapping of case study evidence in the form of an interactive `heuristic 
map", presented via CD. 
The research has concentrated on reflection on the activities involved in the practice 
of design, rather than the formulation of theoretical models of its process. Therefore 
the investigation has focused on practitioner activity. Based on the professional 
practice of industrial design, through the use of commercial case studies, its findings 
are aimed at those interested in research through the medium of practice2, or the 
refinement of practice through research, rather than the theory of practice. This is not 
however, what might be described as a `studio PhD', it is a serious attempt to bridge 
the theory/practice divide through the systematic study of professional practice. The 
practice versus research debate3 is a current `hot topic' amongst both designers and 
researchers. This thesis illustrates that although there are key differences between 
`practice' and'research '4, there is a method that enables research within the context 
of fully commercial practice and argues that the findings can contribute to both 
disciplines. 
' The Heuristic Map is discussed fully in Chapter 5. 
This study aims to answer the following research questions: 
" How can industrial designers integrate 3D digital media into their design 
process? 
" How can industrial designers use 3D digital media to communicate more 
effectively within their design process? 
" When do industrial designers use 3D digital media to communicate within their 
design process? 
" Why do industrial designers use 3D digital media to communicate within their 
design process? 
" What does this tell us about the impact that 3D digital technologies are having 
on communication within and therefore the execution of design projects? 
The thesis is divided into six chapters, chapters 1,2,3 look at the contextual issues 
surrounding the research programme. Chapter 1 introduces the background, 
establishes the research questions, explains the aims and objectives of the 
programme, and describes the projected outcomes. Chapter 2 describes the context of 
the study, initially in terms of the historical and technological context, then going on 
to describe more immediate contextual influences, including a discussion of 
formative research activities. Chapter 3 outlines the methodological basis, and 
describes the arguments for the adapted Action Research framework adopted. 
Chapter 4 deals with the main body of investigative work, describing the three 
principal investigative case studies, their analysis and the subsequent construct of the 
case study data in the form of a heuristic map. Chapter 5 describes the `tool for 
designers', the heuristic map and how it might be used. Chapter 6 concludes the 
research findings, defines the routes for further work and reflects on the research 
programme as a whole. The visual evidence, comprising case study material and the 
Heuristic Map, represents a fundamental contribution to the research programme. It 
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is therefore strongly recommended that Chapters 4&5 be read in conjunction with 
viewing the CD. 
1.2 The Design Process 
Taken literally, the design process can be seen as a course of action or procedure 
leading to the creation of a plan, purpose or intention, the general arrangement or 
layout of a product5. Within the thesis the use of the term `design process' refers only 
to product or industrial design: the design of three dimensional tools or artefacts to 
suit a purpose. 
Within the craft context the acts of designing and making are largely inseparable, 
whereas within the industrial context, the activities of designing and making are quite 
separate and usually carried out by different groups of people6. Industrial design is 
mainly set in the industrial context and within it, the design process encapsulates the 
activities carried out in designing these artefacts. The result of the process is a full 
description of the artefact to be made, giving enough information that another party 
might make it. The process is the sequence of activities that occur in its design. 
Cross? defines the following stages in the design process: 
Clarifying objectives 
Establishing functions 
Setting requirements 
Defining characteristics 
Generating alternatives 
Evaluating alternatives 
Improving details 
The design process can be viewed in different ways by different groups: some view it 
as an essentially internal process, where the design process is seen just as the act of 
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designing', whereas others9 take into account the external influences on the act, 
including interactions with other parties, such as clients or other information 
providers. 
The thesis studies and discusses the use of 3D digital media within the latter and 
broader understanding of the `design process'. Within the context of this study the 
design process is taken to mean much more than just the creative act, it includes 
every element of activity that the designer has involvement with in the development 
of a product. It takes into account any interaction that the designer has with any party 
either internally within the design process or externally with a client, suppliers or any 
other relevant party. It is essentially based on what can be seen as a `typical' design 
process, encompassing the entire sequence of activities required to get a product to 
the stage where it can be manufactured. 
1.3 The Relevance of CAD 
When we describe the use of computing or digital technologies to assist us in the 
industrial design process we are usually referring to computer aided design or CAD. 
But what is `CAD' and why is it important to study its use? In an issue on computer- 
aided design in 1996, the editors of Co-Design attempted a basic definition of CAD: 
"CAD is a computer based system which can receive, hold and manipulate 
geometric information about an object, and give a visual representation of 
that object, usually on screen. "10 
CAD is an acronym of Computer Aided Design and means just that, the process of 
designing a shape or object directly assisted by the use of a computer. The basic 
definition of CAD can be divided into two distinct areas, the use of computer aided 
design tools in the production of either two-dimensional (2D), or three-dimensional 
(3D), entities. Two dimensional computer aided design (2D CAD) is essentially 
limited to the electronic replacement of traditional 2D drafting skills, where instead 
of lines being drawn on paper by hand, they are drawn electronically by a computer, 
through the inputting of commands by the user. 2D CAD is essentially limited to the 
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representation of shapes or objects using a computer, the accurate interpretation of 
which is dependent on the skill of both the creator and the interpreter. Three 
dimensional computer aided design (3D CAD) differs fundamentally in that the 
shape of an object is effectively captured within the computer by the creation of a 
digital or virtual model. This virtual model contains all the information regarding the 
shape of the object and therefore enables the accurate communication of that shape. 
Both 2D and 3D CAD can generate a range of outputs used to communicate the 
design intent to others, both internally and externally to the process. A fuller 
discussion of these is made in section 4.5.7.4. 
1.3.1 The Concept of CAID 
Generally, the terms surrounding the use of computers within industrial design are 
used loosely, with the true meaning of generic terms such as CAD often lost. The 
early years of the technology debate saw the term CAID, or Computer Aided 
Industrial Design come into use. Although some companies were quick to suggest 
that their packages provided the `LAID' solution", the term essentially describes the 
application of all forms of computing technologies to the industrial design process. 
2D CAID would include the application of illustration or image manipulation 
software, 3D CAID the application of 3D modelling and visualisation software. 
McCullagh12 makes a very concise definition of CAID as: 
"the integrated and effective use of computers, by industrial designers, 
where they aid the design process. CAID software being any software they 
seefit to use " 
He goes on: 
"3D CAID therefore describes a particular type of CAID which uses 3D 
modelling software. " 
It can be seen then that the creation of the virtual model is only one part of the 
package, the term 3D CAID refers to a whole range of techniques that can be adopted 
once a 3D virtual model has been created. The existence of a 3D CAD model can 
enable the production of on screen deliverables such as photo-realistic images and 
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the animations of objects or assemblies. It can also enable the physical manifestation 
of the virtual model by means of various rapid prototyping techniques such as SLA 
or SLS". The definition can therefore be extended to say that: 
3D CAID is CHID, which uses as its basis, 3D computer modelling 
software. 
1.3.2 CAID & Digital Media 
The effective practice of CAID is inextricably linked to the technologies and media 
that drive the process forward. These digital media represent the manifestation of an 
object as it passes through the CAID process. Whether they are in the form of on 
screen images, a photo-realistic rendering, or a physical model, they provide the 
means by which decisions about that object are made. Each manifestation of the 
object serves to provide a means by which the designer can communicate to himself, 
his peers, his clients, his suppliers or others in order to facilitate the design process. 
These forms of communication can be seen to have an `internal' or `external' status. 
Internal communication being that focused within the design team, such as a designer 
communicating to himself or his peers. External communication, that which involves 
the input of those external to the design team, such as clients or suppliers. 
1.4 Why Research? 
In the early 90s `time to market', or the time that it took a new product to reach its 
market place, was becoming increasingly important. The intensification of 
international competition combined with contracting product life cycles driving the 
progressive compression of new product lead times. This saw both the manufacturing 
and industrial design industries in a state of transition13, as the manufacturing 
companies, who were the clients, invested in new technology and industrial designers 
were expected to keep up14. New CAD technologies offered designers a direct link to 
manufacturing, along with greater flexibility, control and productivity. 
SLA & SLS: see Glossary 
8 
There was initial tentativeness within professional design consultancy practice, 
where there was concern that was what being sold by the software developers and 
vendors was expensive hype, not backed up by evidence in the field. However, there 
was also an understanding that digital technologies and especially 3D computing 
were part of the future and going to have a profound effect on both consultancy 
strategy and the way in which designers work. The creation of 3D digital models was 
such a radical change from traditional design practices of drawing and model making 
that it was bound to challenge the way in which designers viewed their process. It 
was also reasonable to assume that the people using the software were not all going 
to be trained specialists. A 1992 survey15 found that 78% of industrial designers 
thought that they should be responsible for 3D CAD as opposed to CAD technicians. 
The need for this study stemmed from a recognition that the use of 3D CAD 
represented an enormous intellectual leap from 2D CAD: attitudes, process and 
methods of working all had to be called into question. 
3D hardware and software was significantly more expensive than 2D: this, 
accompanied by a steep learning curve, made the development of a strategy for the 
use of 3D digital tools an imperative for every independent design consultancylb 
Developing tactics for the use of that software would become an essential part of that 
strategy, for most consultancies, this would be an empirical process of trial and error. 
The Centre for Industrial Design is a research-led design consultancy, which had the 
experience of using 3D CAD systems in the field earlier than most other design 
houses. Here it is argued that it is appropriate that this learning experience should be 
shared with others in order to provide an insight into how these new technologies 
might best be used. The 3D Digital Model lies at the heart of 3D Digital Modelling 
Media, this term encompasses all media created directly or indirectly as a result of 
the creation of a 3D Digital Model. 
Among other things, the design process is all about decision making. Deciding which 
concepts to take forward, what media to use to develop the concepts, what media to 
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use to communicate the concepts to the client in the form of a presentation. These 
decisions have always been difficult ones, based a range of factors including 
availability of resource, skill, the nature of the project and the type of client. As has 
been discussed earlier in this chapter, 3D Digital Modelling Media is one of the key 
technologies used within the practice of CAID. This study assumes that the decision 
to make use of such technologies has already been made, and looks at what decisions 
we have to make when deciding where or when to use such technologies. In short, 
we are asking the question: "what does the designer need to know? " This study asks 
questions concerning the use of 3D digital modelling media, involving among others 
its characteristics, and the advantages and disadvantages of using it at various stages 
in the design process. 
1.5 The Visual Nature of the Project 
The programme of study developed around an adapted action research methodology 
framework (fully discussed in Chapter 3& 4) focused on the execution of three 
exemplar projects. These are case studies of live commercial projects carried out 
within the Centre for Industrial Design. In accordance with case study analysis 
techniques'7 the case study evidence, including a large number of pictorial 
references, has been collated and tabulated following a case study protocol defined in 
Chapter 4. 
By its very nature design is a visually oriented discipline. Once the case study 
approach had been determined and formalised it was deemed appropriate to present 
the pictorial elements of the thesis in a more interactive format than a traditional 
bound document. Moreover the thesis focuses on the appropriate use of media in 
order to communicate effectively, it is therefore imperative that the thesis is 
communicated, within the limits of PhD regulations, in the most efficient and 
effective way possible. 
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In order to contain the visual material, which is the currency of evidence of the case 
studies, it was decided that a CD would form the most durable and accessible 
medium. The CD acts as a kind of digital portfolio supporting the written material. It 
is not intended as a replacement for a book or viewed as a thesis in its own right. 
Certain aspects of the thesis such as the heuristic map potentially become more 
accessible to viewers through the utilisation of the interactive capabilities of this 
digital medium. The complexity of the information presented by the Heuristic Map 
would be unfeasible in paper form. The Heuristic Map is intended for use by 
practicing designers and it is believed that designers are more likely to respond to a 
visual than written medium. 
It is highly recommended that this thesis be read in conjunction with the CD as it is 
only by doing this that the full thesis can be appreciated. Allowances have been made 
for the fact that the reader will not always have access to the means by which to view 
the CD, by including images, charts and tables where they are critical to the flow of 
the text. There are certain sections of the thesis more reliant on the CD than others. 
Chapter 4 and Chapter 5 in particular, rely heavily on the viewing of the CD to 
support the written material. This is especially the case in Chapter 5 as this is where 
the key material and findings of the heuristic map are presented and discussed. 
As illustrated in the Preface, the indication for when the CD should be accessed is 
shown in the text in the form of a CD icon. When the reader sees the icon, they know 
that the text following will refer in part or in full, to the accompanying CD. The 
contents list for the CD mirrors the contents list of the thesis, so the relevant CD 
content can be accessed by merely clicking on the hotlink associated with the 
paragraph number displayed on the CD contents list. 
1.6 Aims & Objectives 
The research questions have already been set out at the beginning of the chapter, but 
in addition to these the study has had a number of aims and objectives, which, along 
with the methodology, have developed over time. In hindsight, the early aims can be 
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seen as naive, and they have developed considerably as the study has progressed, 
their development reflecting the development of the study as it has progressed. The 
original aims of the programme were to: 
" Investigate the interface between the industrial designer and a 3D surface 
modeller, Alias. 
" Identify possible tactics for the implementation of virtual modelling at strategic 
points within the design process. 
Propose tactics for the utilisation of surface modelling software for the creation 
of virtual models within the industrial design process. 
During the first stages of the programme, the formative research concentrated on 
investigating the interface between the designer and 3D surface modelling software, 
the reasoning was that it was necessary to fully understand the implications of 
learning such a system prior to making any investigation as to how the software 
might be used. Following the completion of two formative case studies, some broad 
conclusions were drawn and a set of tentative statements made with reference to the 
use of surface modelling software within the design process. This had the objective 
of validating the conclusions drawn from the formative stages of the investigation by 
establishing their wider relevance to the researcher's design practice. Following the 
drawing of these conclusions, the research design was reviewed including the final 
aim for the study: 
" Propose tactics for the integration of 3D digital media into the industrial design 
process. 
This had the associated objective: 
" Propose a model for the integration of 3D digital media into the potential 
development paths through the design process. 
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At this point the aim of the study essentially changed from investigating the interface 
between the designer and the software, to investigating the interface between the 
design process and 3D computer models per se. Although the core methodology 
remained unchanged, at the time the original aims were devised, the study was 
focused on a limited software set (surface modelling) and limited to the conceptual 
stages of the design process. In hindsight, it is apparent that these limitations were 
principally to do with the resources available and the type of case studies carried out 
during the initial stages of the investigation. 
The development in the aims and objectives of the study over the period can be seen 
to have direct correlation with the maturing of the Centre for Industrial Design as a 
research-led industrial design consultancy. The resource base was developing to 
include both solid and surface modellers as well as supporting 2D applications such 
as Illustrator"' and Photoshop'". It then further developed towards multimedia, with 
applications such as Macromedia Director" and Adobe Premier". There was also the 
development of links with external agencies for the supply of a range of rapid 
prototyping technologies. Concurrently, the Cf D client base was developing so that 
projects were more in-depth and taken to a greater stage of development. 
It had become apparent that software was developing so quickly that it was no longer 
relevant to study just a single type of software, i. e. surface modelling. In order to 
provide a balanced study of the field, the use of all 3D digital technologies had to be 
considered. Further, if it is accepted that the 3D digital model is a basis for 3D digital 
modelling media, when and where these media were used would have an impact 
across multiple stages of the design process. It follows that in order to understand the 
potential integration of 3D digital media into the design process it is necessary to 
Adobe Illustrator1M: see Glossary 
'" Adobe PhotoshopTM: see Glossary 
" Macromedia DirectorTM: see Glossary 
"' Adobe PremierTM: see Glossary 
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look at the reasons for using any form of media as a tool to facilitate design activity. 
The term `model' was also seen to be inaccurate, the diagrammatical analysis of the 
case studies would now be presented in the form of a heuristic `map', with the 
analogy that a Heuristic Map would be able to guide designers through the 
complexities of 3D CAID. 
1.6.1 The Projected Outcomes 
The projected outcomes for the research are: 
" An argument for the case of carrying out `research through the medium of 
practice '18. An explanation of the circumstances of the project, giving a valuable 
perspective on the area of study. A discussion of the importance of a 
practitioner's approach through the use of case studies and the value that this 
programme brings to the study of design and design research, both in theoretical 
and practical terms. 
"A diagrammatical representation of the findings of the case studies: the analysis 
of which enables the creation of a heuristic map. This will illustrate the tactics 
associated with the decision-making applied by designers in the utilisation of 3D 
CAID tools. 
" Conclusions resulting from the cross case analysis of the case studies and their 
synthesis to the heuristic map. These will relate to the use of 3D digital media as 
a tool for communication and therefore a facilitator for making design decisions, 
and the effect that this has on the working practices of the industrial designer. 
1 RUST, C. Out of the hothouse?, in Co Design Journal, 07.08.09,1996, p. 16-21. 
` ARCHER, B. The nature of research, in Co-Design Journal, 0 1.02.03,1995, p. 6- 
13. 
3 Design Research Society email discussion list. April 2000. 
4 DURLING, D. On Category mistakes. Design Research Society email discussion 
list. 26th April 2000. 
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Chapter 2: Project Contextualisation & Formative Research 
"The traditional relationship between technology and art has often been 
instructive, fertile & productive, but the computer goes much further, by 
challenging many of the boundaries of art and the practice of design. This 
challenge is part of a broader pattern involving culture, society and 
technology, and above all brings to the fore the choice that confronts us: 
either we design our future, or we have it determined for us. " 
Robin Baker, Designing the Future, Thames & Hudson, 1993, p. 11. 
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2.0 PROJECT CONTEXTUALISATION & FORMATIVE RESEARCH 
2.1 Introduction 
The core investigative period of this research programme falls between 1992 & 1996 
and commenced during a period of significant development within the computing 
and design industry, broadly within the field of digital technologies and specifically 
within 3D computing. This period of flux led to a significant amount of debate in the 
industrial design community as to what effect these developments would have on its 
future. This debate informed and influenced the focus of investigation in this study. 
During this time there were also a number of key events that had a significant 
influence. As far as this study is concerned the most important of these was the 
Product Design and 3D Computer Modelling Conference at Sheffield in 1993. 
Events at this conference led to the researcher becoming a founder member of CAID 
discourse, set up to provide a forum for this debate. 
The initial section of this chapter looks at external project circumstances and 
discusses the historical and technological developments leading up to and including 
the start of the programme. The section on related work looks at relevant studies, 
both at the commencement of the programme and then throughout the main 
investigative period. It then goes on to look at the development of design process 
models in terms of their relevance to the mapping of the design process, as it is 
understood within this study. The final section on formative research describes how 
an initial pilot study programme and initial case studies, helped to establish the 
methodological basis for the main study. This chapter looks at these contextual issues 
and the impact they have had, on both the execution and outcome of the thesis. 
The research commenced at a time when the concepts surrounding the execution of 
design research were vague; as a design graduate, the importance of a theoretical 
understanding was not fully understood or implemented. Part of the research learning 
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process has been a gradual understanding of the importance of theoretical concepts 
underpinning much of the thinking in design research. 
2.2 The Historical & Technological Context 
Whilst the last century has seen dramatic changes in manufacturing technologies and 
production processes, it wasn't until the last decade that the Industrial Design 
profession saw any significant change from its traditional drawing and model making 
skills'. By the late 1980's however, few designers could have been unaware of the 
digital `revolution' that was supposedly just around the corner. The technologies of 
computer aided design and manufacturing (CADCAM) promised designers a direct 
link to manufacturing, offering greater flexibility, control & productivity. Baken 
describes the use of computers as moving from the `desirable' to the `required' 
domain and although there were undoubtedly a great deal of exaggerated claims, 
there was little doubt that digital technologies, and especially 3D digital 
technologies, were to have a profound effect on the industrial design profession as a 
whole. 
Until the late 80's, the predominant use of CAD and digital visualisation 
technologies for industrial design remained in the two dimensional domain. 2D CAD 
was very much used as an alternative to the drawing board, its main advantages that 
lines drawn there could be edited and the resultant drawing duplicated and stored in 
an electronic or magnetic medium. The promise of direct access to manufacturing 
was still characterised by the interpretation of these lines on paper by a model-maker 
or toolmaker. The accuracy of the final result depended on a combination of the 
ability of the designer to accurately represent in 2D form, the 3D image that was in 
their `minds eye'3, with the skill of the artisan to make a correct interpretation. 
Industrial design practitioners had also adopted computer software developed for the 
design for print process. Desk top publishing (DTP), illustration & image/photo 
manipulation packages were used by industrial designers alongside CAD technology, 
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to enhance many stages of the process for the creation of presentation materials, 2D 
renderings and product graphics. 
Following the 80's recession, the industrial design industry was in a state of 
transition, with increasing pressure to get products to market in ever decreasing 
timescales4. Previously, the attention of the 3D computing industry had been focused 
on the specialist needs of computer animators, or in the large-scale needs of the 
mechanical engineering industry5. Challenges to the profession coincided with 3D 
CAD vendors aiming their products specifically at the industrial design industry for 
the first time. 
The first 3D CAD system was developed in the early 60's, with the academic 
research in the late 60's and early 70's of Dave Evans and Ivan Sutherland among 
others, driving that development into commercially available systems6. By the early 
1990's, 3D CAD systems were in regular use by industrial design consultancies7. 
Along with the arrival of 3D CAD came the development of new technologies and 
media to enable what was termed: `rapid prototyping'8. These technologies offered 
part of a solution to the time pressures faced by the industrial design profession and 
rapidly became part of the accepted tool-set9. Rapid prototyping is the generic term 
given to a variety of different processes including multi-axis machining' and stereo- 
lithography'', which can be used to create a physical model from a 3D data model, 
accurately, and usually in a much shorter time than by traditional model-making 
methods. Each individual process has a different set of characteristics and therefore 
tends to be used for different applications. They all have a core set of benefits to the 
industrial designer and the industrial design process in that they provide; 
" an accurate physical representation of the 3D virtual model, 
"a physical model in less time than by traditional methods, 
'Multi-axis machining: see Glossary 
11Stereo-Uthography: see Glossary 
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" clarification of functionality, fit & form, 
" absolute physical confirmation of design intent, and 
"a powerful communication & selling medium. 
Rapid prototypes could be employed for a number of different uses, enabling the 
creation of prototype models, appearance models, low volume production and 
casting patterns, thus providing the physical 3D confirmation of the 3D virtual 
model, necessary in order to make well informed design decisions. 
2.2.1 Digital Technologies & Manufacturing 
3D CAD has also had a profound effect on manufacturing, providing a core 
technology within the interchangeable concepts of `Concurrent' or `Simultaneous' 
Engineering10. Originally defined by the U. S. Institute of Defence, Concurrent 
Engineering (CE) is essentially a process for managing product development in order 
to reduce costs, improve product lead-times and improve product quality". Mortimer 
& Hartley12 define CE as: 
"an integrated approach to new product introduction. Using multi- 
function teams or task forces, it ensures that research, design, 
development, purchasing and supply and marketing all work in parallel 
from concept through to the final launch of the product in the market 
place. " 
CE essentially means that all the different departments involved in a project work on 
the project concurrently rather than sequentially, i. e. a 3D CAD database can be 
worked on, viewed or interrogated by a number of teams simultaneously, whether in 
the same building, or across continents. One of the better known examples of this is 
within the Ford Motor Company, where design teams, engineers and global suppliers 
can `share the geometry' of a vehicle across common software platforms13 
The belief at the time was that 3D CAD was going to make things `faster-cheaper- 
better' 14. Faster - because all parties were working on the same thing at the same 
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time. Cheaper - because unnecessary parts of the process were cut out. Better - 
because it enables `Right First Time Design', moving the design straight from CAD 
package to manufacturing, thus removing the constant doubt that so characterised 
traditional manufacturing processes; that what would come out of the tool would be 
as the designer had originally intended. Consequently, 3D CAD was generally 
viewed as a panacea for the design process. 
Companies like Black & Decker's, realising the need for a `culture shift' towards CE, 
saw that 3D CAD was at the hub of this change. They saw that this would have 
major impact on the way that their designers worked. However, they warned that 
Concurrent Engineering is more than just Parallel Engineering: if stages are not 
frozen, lead times can be as long as with traditional methods as the temptation is 
always to make constant revisions. 
With these new demands for close working relationships, independent product design 
consultancies were seen to be on the back foot. A survey carried out in 199216 found 
that manufacturing industry was much more pro-active towards new technology than 
independent consultancies. It went on to suggest that the real future for interactive 
3D working was within in-house teams, with more financial support, better 
communication links and greater cross-disciplinary opportunities for the industrial 
designer. 
2.2.2 Digital Technologies & Industrial Design Consultancy Practice 
Whilst manufacturing industry was embracing these new technologies with open 
arms, interviews by research colleagues found the Design Industry a little more 
cautious17. The financial implications for a small company investing in CAD were 
and still are quite significant. As with any new technology the cost of investment was 
significant not only in terms of hardware but also in software and training. In the 
early 1990s the predominant hardware within product design consultancies were PCs 
and Macintoshes, with only 7% of product design consultancies, as opposed to 62% 
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of manufacturing companies, investing in the sophisticated workstations that were at 
the time necessary to run 3D CAD systems effectively 18. 
As the manufacturing companies who predominate the client base invested in new 
technology, product designers were expected to keep up. Even if the decision to 
make the investment were taken, an even more significant problem would arise, in 
the question of which software system to employ'9. Historically designers and 
engineers have had differing sets of requirements for 3D modelling, as they have 
different requirements in terms of both what they want them to do and how they want 
to use them20. At the start of this project there were two main types of modellers on 
the market: solid and surface modellers, each with their own distinct set of 
characteristics. 
Surface modellers have their roots in the automotive industries and animation, where 
the flexibility of the modelling architecture was appropriate to flexible operation and 
shape definition requirements. Solid modellers on the other hand, with their inherent 
accuracy and capability for finite element analysis (FEA), thermal modelling and 
mould flow etc. have been traditionally used for engineering and manufacturing21. 
Surface modellers 
Surface modellers work by creating just that, surfaces. These surfaces have no 
effective thickness and can be shaped and joined together, or joined to others to 
create almost any sort of physical 3D form in space. The interaction tends to be 
flexible, with the user able to push and pull the shape until it is just the way he or she 
wants it. Surface modellers are generally better for the creation of freeform shapes 
than engineering detail. 
Solid modellers 
Solid modelling is typically more like creating something in a workshop. The user 
starts with a block and carves it, machines it and fillets it until it becomes the shape 
he or she wants. Solid modellers tend to have parametric databases, in that each 
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feature is historically linked to the model, the user can therefore go back and change 
the size of a fillet for example, this change would then be updated in all relevant 
parts of the model. Because of this and their tendency toward Euclidean forms, solid 
modellers tend to be more useful for creating engineering designs that rely on 
geometric accuracy. 
Surface modellers were generally better for creating the freeform shapes that 
designers wanted to achieve, and many could be run on PCs or Macintoshes. 
Workstation only packages such as Alias"' offered the option of creating photo 
realistic visualisations and animations using the 3D model as a basis. On the other 
hand, solid modellers have much better access to the features required by engineering 
and manufacturing such as multi axis machining, rapid prototyping, tolerance and 
interference checking, 2D drafting and FEA22. In addition to the choice of modellers 
was the problem of translating data between different CAD systems, CAD vendors 
were full of the hyperbole of `seamless data transfer': finding out whether translation 
between systems was an option tended to be a process of trial and error. 
Rust23 argues that 3D CAD is not an optional extra for design consultancies. He 
reasons that with manufacturing techniques moving towards the use of a core 3D 
CAD model, only consultancies that can supply data in this way may be considered. 
He goes on to suggest a hypothetical future model for consultancy where they are 
seen as either strategic influencers or multi-disciplinary one-stop shops. Whether or 
not this will prove the case has yet to be seen, although there has been some settling 
out of practices where 3D CAD is essentially now the norm, with most consultancies 
having some 3D digital modelling capability. Such companies include those in the 
researchers's own experience: Random & Alloy, as well as companies such as 
Therefore or PDD'". 
iü AfiäSTM: See Glossary 
" Therefore & PDD: two design consultancies based in London, both of whom use engineering based 3D CAD software. 
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Although there was undoubtedly a tentativeness toward 3D CAD within consultancy 
practice due to concern over investment commitment and software selection risk, 
there was also an understanding that new CAD based technologies were going to 
have a profound effect on both consultancy strategy and the way in which designers 
work. By the mid 1990s many consultancies had embraced the use of 3D computing 
2425 and were starting to define their own methods for using the tools 
2.2.3 Digital Technologies & Design Research 
Around the time that these technological events were impacting the consciousness of 
the manufacturing & design industries, a number of design schools, polytechnics and 
universities had set up design research units, e. g. The Centre for Industrial Design 
(Cf[D) at the University of Northumbria (UNN), The Visual and Information Design 
Research Centre (VIDe) at Coventry, The Design Research Centre (DRC) at the 
University of Derby and The Design Engineering Research Centre (DERC) at the 
University of Wales Institute at Cardiff. With the introduction of the `new' 
Universities it had become increasingly important to gain a research standing and 
therefore funding. This saw an increase in design research activity but relative to the 
more established disciplines such as science, the field of research studying the impact 
of technology on industrial design practice was still fairly new. 
Many of these new research units sought to respond to the changes within the 
technological market place to see what this meant to the field of design. Traditional 
methodologies were starting to be challenged and design was proposed as a cross- 
disciplinary subject in its own right26. A series of conferences managed by these 
Universities between 1992 and 1996 (following) highlighted the fact that the 
introduction of such technologies was resulting in a significant amount of debate 
within the UK. 
One of the most important to this study was the `Product Design and 3D computer 
modelling' conference held at Sheffield City Polytechnic in 199227. The aim of this 
conference was to open up the debate on the use of CAD by product designers. The 
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keynote paper28 covered a valuable study carried out at Sheffield which established a 
broad understanding of the penetration and understanding of the use of CAD within 
the UK industrial design industry as a whole. Coinciding with the commencement of 
this study, this conference was highly influential on the direction of the study and 
prompted the founding of CAID Discourse. 
Again in '92, a symposium organised by Coventry University: `Virtual 
representations for design and manufacture'29 tried to define the true meaning of VR, 
or `virtual representation' and explored its potential impact on design and 
manufacturing. Again, this conference was influential in that it started to explore 
issues close to the focus of this study in terms of the use of visual tools as 
communication and development tools for the industrial design process. 
One of the more active research groups at the Birmingham Institute of Art & Design 
held a conference entitled `Information technology & design: new perspectives', 
hosted by the University of Central England in 199330. The conference, which 
explored the effect that computers were having on the integration of designers with 
design and manufacturing systems, yielded some work specifically relevant to the 
study (discussed in 2.4.2). 
These and the conference: `Computer aided industrial design - reflections & 
insights', held at the University of Northumbria in 199331, which explored the 
general concept of CAID; influenced the early thinking in the study. Other 
conferences were more influential in a general sense, helping to establish the 
relevance and importance of the subject area, also enabling the researcher to keep up 
with the general mood and direction of the research community. These conferences 
included: `Design of the times' at Staffordshire University in 199432, which 
attempted to bring design research and design practice closer through the exploration 
of new responsibilities, methods and directions. `The role of product design in post- 
industrial society' at the Kent Institute of Art & Design in 1995, investigated the role 
of design in the age of computers and technology. Exciting new dimensions for art & 
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design were explored at `4D dynamics: an international interdisciplinary conference 
on design and research methodologies for dynamic form' at De Montfort University 
in 199533. This conference explored the fourth dimension in design and engineering, 
that of time. The work of another research group at the University of Derby was 
expressed at `CAD, colour & communication' in 199634, a bi-strand conference 
exploring the effect of computing on colour & communication. 
Another influential conference, repeated bi-annually, is the `CADE' series of 
conferences, which look at the development of computers in art and design 
education. Although not directly relevant to the study, these conferences35 were 
important in that they looked at the effect that the introduction of computers were 
having in art & design education, as well as exploring the research aspects in terms 
of both methodologies and specific research projects. 
It is believed that there are two main reasons for the quantity of conferences in the 
UK around this period (92-96). The first is that some of the research centres were set 
up in direct response to the conversion of the old polytechnics to become `new' 
Universities, and the accompanying potential to obtain research funding. The second 
and more likely reason relates to the premise of this thesis, that the rise in the 
availability and use of advanced digital technologies for design would raise 
significant questions as to its use. The quantity of conferences is testament to the fact 
that the issue of computing, its development and impact was and remains, an issue of 
serious concern to both research and practice. At this time the focus of the debate 
was still predominantly academic, although it was becoming clear that due to the fact 
that practitioners were coming under increasing pressure to use the technology, the 
subject area was going to require more involvement by, and study of, practice. This 
thesis argues that these issues were so fundamental to practice, that the study of the 
practical issues relating to the use of digital technologies within design was essential. 
However, when this research programme commenced there was still little evidence 
of true learning and development through practice-based research as described by the 
action research methodologies of the education tradition36. 
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2.3 Models of the Design Process 
There are many models of the design process, the following section summarises a 
cross section in order to establish their relevance to the investigation. Modelling the 
design process is an attempt to understand the intuitive nature of the process by 
explaining it and making it explicit. Some have tried to describe the design process, 
others to prescribe how it should be carried out. Later and more exciting 
developments have tried to reflect how it is actually done by holding a mirror up to 
practice. 
2.3.1 History 
The process of designing is not new; all civilisations have applied the process to the 
creation of artefacts37. In craft societies the processes of designing and making were 
pretty much combined, in modern industrial societies however, the process of 
designing is usually separate to that of making38. In modern terms we can see the 
`design' process as quite separate from the `making' process, which in industrial 
design terms usually refers to mass manufacture. 
Attempts at making sense of the design process have been going on for a long time. 
Early `rationalist' approaches to design can be found in Germany through the work 
of Peter Behrens at AEG, the Deutscher Werkbund and the Bauhaus39. The roots of a 
modern `scientific' approach to design can be found in the consumer boom following 
the Second World War, when designers were having to justify that design had more 
to offer than just superficial aesthetic treatments40. The German post war design 
school: Hochschule fur Gestaltung at Ulm, defined design methodologies which 
sought to establish standard working methods for designers, finding a recipient for its 
ideas at the household appliances manufacturer, Braun. Germany still strives for a 
rational approach; the professional engineering body; Verein Deutscher Ingenieure, 
state in part of their guidelines; `Systematic Approach to the Design of Technical 
Systems and Products', that: 
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"The design process, as part of product creation, is subdivided into 
general working stages, making the design approach transparent, rational 
and independent of a specific branch of industry "''. 
In the UK, other designers were active in the attempt to define a `scientific' approach 
to designing. In 1961, Bruce Archer, having been active in proposing a `scientific' 
approach to design was appointed to run a design research unit at the Royal College 
of Art, which developed to become a Department of Research in 1972. Scientific 
design procedures were also being developed in the USA where, in 1955, Walter 
Dorwin Teague and Frank de Giudice used a programme of analysis and empirical 
testing to design the interior of the Boeing 70742. In Holland, the appointment of 
architect Rein Veersema to Philips saw its design strategy becoming much more 
structured, illustrated by the `Philips design track'43, a linear model of design for 
problem solving. 
2.3.2 Prescriptive Models 
Models of the design process tend to be either descriptive or prescriptive. Descriptive 
models describe the sequence of activities that typically occur within the design 
process. Prescriptive models suggest an improved or more effective pattern of 
activities. 
Prescriptive models can be characterised by the work done by Archer and further 
by Jones45, the focus of many prescriptive models being on the identification and 
understanding of the design problem. Analysis of the problem enables the definition 
of performance specifications, and the generation of alternative designs builds up a 
series of sub-solutions to the problem. The solution is to be found in the rational 
choice of best alternative designs. Jones suggests a simple systematic method of: 
Analysis - Synthesis - Evaluation 
A more detailed prescriptive model is suggested by Archer in which he identifies six 
types of activity that include various inputs and outputs including interactions with 
the outside world. These six types of activity; 
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Programming - Data collection - Analysis - Synthesis - Development - 
Communication 
Can be summarised into three phases; 
Analytical - Creative - Executive 
Archer described this process as a kind of `creative sandwich'; starting the process 
with observation and inductive reasoning; before moving on the `creative' phase 
involving evaluation, judgement, deductive reasoning and decision making; and 
finally leading on to the description and communication of the final design. 
Although at first sight these models appear quite sensible, they are focused on a 
completely rational set of procedures, where the designer would not move on to a 
new stage until the previous one was complete. Although the implementation of most 
of these models would involve iterative phases, it is unlikely that in practice, these 
models would be rigorously adhered to. Hickling46 argues that the unnatural rigour of 
such processes may lead to failure and feelings of guilt. 
2.3.3 Descriptive Models 
Unlike prescriptive models, which are process focused, descriptive models tend to be 
solution focused, conjecture is followed by analysis, evaluation, refinement & 
development. Cross47 defines a simple descriptive process based on the `essential 
activities' of the designer as: 
Exploration - Generation - Evaluation - Communication 
French defines a descriptive flow chart type model as being based on the following 
set of activities48: 
Analysis of Problem - Conceptual Design - Embodiment of Schemes - 
Detailing 
29 
Many descriptive models become quickly obscured by detail as each activity is 
investigated in detail, however the model by Pahl & Beitz49 offers a clear 
interpretation of the design process: 
Clarification of the task - Conceptual design - Embodiment design - Detail 
design 
These headings summarise a number of detailed stages: 
Task - Specification - Concept - Preliminary layout - Definitive layout - 
Documentation - Solution 
Despite their various differences, all of these models cover the same essential phases 
in the process, first of all some form of problem identification, then some form of 
generative phase, then some form of presentation enabling choice, and finally a 
phase in which a solution is defined. As the iterative nature of the design process has 
become more accepted, descriptive models have developed an advanced form in the 
`cyclic' model. 
2.3.3.1. Cyclic Models 
Cyclic design models are a development of descriptive models and take the cyclical 
iterations that exist within each stage of a more linear descriptive process one step 
further. The cyclic model is solution focused and recognises that designers need to 
explore and develop the problem and solution at the same time. Lateral thinking and 
creative insights usually coincide with skips and flashes of inspiration, often missing 
out the more accepted parts of the process50. Cyclic processes encourage learning" 
and accept that mistakes will be made. 
Although still representing a `rational' approach, a version of the cyclic model is 
suggested by March52. He introduces another element to the conventionally 
understood forms of inductive and deductive reasoning adding a `productive' form of 
reasoning, hypothesising what may be, to create a model for a design process based 
on: 
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Production - Deduction - Induction 
Although there is undoubtedly a logical progression from problem to sub-problem & 
from sub-problem to solution, there is a concurrency and symmetry suggested 
between many events that is not apparent in the more linear models. 
A much more radical approach is taken by Hickling53 in his description of a potential 
model for design. He suggests that many forms of professional practice as well as 
design, including; medicine, town planning and business management have adopted 
a linear process based on the scientific rationale of: 
Observation -Interpretation - Theory 
He argues that all these processes can be seen as decision making processes - 
whether related to medical treatment or the configuration of products, that design 
models should mirror practice, rather than describing or prescribing for practice. He 
suggests that such models might provide a more useful basis for design process than 
the antiquated perspective of the scientific method, and linear inductive and/or 
deductive sequence. 
Believing that it is impossible to impose the linear model on a creative process such 
as design, he proposes a cyclic `whirling' process as a generic model of decision- 
making based on the following activities: 
Shaping - Generation - Comparison - Choice 
Within his cyclic `whirling' model, recycling and skipping become the essence of the 
process. If the designer reaches a block, they can move on to a different part of the 
process, with no implication of a correct method of proceeding. He then goes on to 
propose an extended cyclical `whirling' process where each of the activities is a 
decision making process in its own right. 
31 
F 
2.3.4 New Product Development Models 
Some models of the design process incorporate aspects of the development process 
extending beyond the immediate remit of the industrial designer. These models 
describe the phases of activity required to bring new products to market. These new 
product development (NPD) models are presented with varying degrees of detail. 
Bruce 54 defines the NPD process as the falling into three stages: 
" Phase 1: Planning 
" Phase 2: Design and Development 
" Phase 3: Manufacture & Sales 
The British Standard Institutions identifies a chronological sequence comprising 
four stages: 
" Stage 1: Conceptual Design 
9 Stage 2: Embodiment Design 
" Stage 3: Detail Design 
9 Stage 4: Design for Manufacture 
Moore and Pessemier suggest a more comprehensive NPD process based on seven 
steps: 
9 Step 1: New Product Strategy 
" Step 2: Idea Search 
" Step 3: Screening 
" Step 4: Business Analysis 
" Step 5: Product & Process Development 
" Step 6: Product Testing and Test Marketing 
" Step 7: Introduction 
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What is interesting about all these models is that they are chronologically focused 
and whilst there is undoubtedly a chronological aspect to any product development 
process, they appear idealised, not taking into account any of the iterative elements 
that are bound to exist in a product development process. 
2.3.5 The Relevance of Design Process Models 
Some of the models described here view the design process as just the `act' of 
designing, with little accommodation for the various external factors affecting the 
process. Others, such as the NPD models described later in this section encompass 
parts of the process that the designer is less likely to have significant involvement in. 
Cyclic processes, such as that proposed by Hickling56, would seem to be an accurate 
reflection of practice but to the researcher, do not appear to take into account the 
commercially enforced linearity of the process. The tendency is for clients to pay for 
blocks of design; these `blocks' are more likely to conform to the type of design 
process stages suggested by French57. 
When the term, 'design process' is used within the context of this thesis, it refers to 
all the activities carried out by the designer in the execution of a project to satisfy the 
commercial requirements of that project. This would typically encompass a range of 
activities from brief definition through to final specification of the product for 
manufacture, and potentially further to include activities such as pre-production 
liaison. 
2.4 Related Work 
The study discussed in this thesis relates broadly to much of the work conducted 
within many of the design research units described in the section on digital 
technologies and design research. When this research programme started there had 
been very little research into the field of industrial design and digital technologies, 
even less had been published. Many of the projects described in the following section 
were in their formative stages at the time the study commenced. 
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There has been significant work done in the related fields of engineering and 
architecture, specifically in terms of the work done by Purcell58 59, Maver6o 61 and 
Lawson62. However, during the period of this study there has been less research 
done, in terms of the practical application of digital technologies and specifically 3D 
CAD, to the industrial design process. This has been partially counteracted by the 
work of Tovey63 64 , which, although focused on automotive design, crosses 
engineering and industrial design boundaries. The work being carried out by research 
centres all over the country had a great deal of validity, however, the lack of research 
on design practice in the wholly commercial context, would suggest that there was 
much less of what Archer describes as `research through the medium ofpractice'6S. 
2.4.1 Broad relevance 
Some of the more broadly relevant work to date has been focused on the general 
impact of technology on the design industry and the design process. This includes the 
work carried out at Sheffield Hallam University (then Sheffield City Polytechnic)66, 
which comprised a valuable survey of CAD use within the industrial design and 
manufacturing industries. This provided an early insight into the status of the 
technology within the industry as well as providing clues as to how the industry 
might develop as a result. The key proposition was that the industrial designer would 
develop their CAD and concurrent engineering skills more in an in-house, than 
consultancy environment. Further, Rust suggested a series of models for how design 
consultancies might form themselves to cope with the changes that the introduction 
of CAD would bring 67. 
The early work on the programme described by this thesis represents one strand of a 
bi-strand study carried out within the Cf D on the impact of 3D CAD on designers 
and design practice. The focus of this study is essentially on the tactical implications 
of its use, whereas, the focus of investigation for another researcher within Cf D, was 
in terms of the strategic use of 3D CAD within industrial design consultancy 
practice. Unfortunately this programme remains uncompleted, but the work still 
stands through published papers68 as a benchmark to early thinking in the Centre at 
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that time and has subsequently influenced teaching material concerned with 
contemporary influences on design practice at the University of Northumbria at 
Newcastle69. 
Engineering research into the use of CAD is prolific and wide ranging70. Much of the 
work in this area focuses on investigation into the assessment or creation of 
verification and optimisation tools, as well as looking into the automatic selection of 
the `best' design route71. Whilst this work is interesting, its focus is very much on 
convergent, rather than divergent thinking72, looking to establish a single optimum 
route, rather than a number of rather more subjective options. This is quite contrary 
to this study, where the objective is to establish a range of solution facilitators, and to 
provide tools to make an informed choice depending on circumstance and context. 
2.4.2 Specific relevance 
Researchers from Coventry University carried out probably some of the most related 
work to that of this thesis. The projects which were most related were part of a 
design research programme: CAVS (computer aided vehicle styling) & CACD 
(computer aided concept design). The researcher became familiar with this 
programme over a period spanning 1992 to 1995 through a series of papers and 
conference proceedings73 
74 75 76 77. One of the researchers on the programme was 
investigating a PhD programme entitled: `Computers as an aid to decision making in 
the Industrial Design Process', investigating the use of a CAD system in the 
conceptual stage of a vehicle styling project. He saw the primary objective as 
defining an agreed design process before investigating what computer aided tools 
could be applied to it, then seeking to apply these findings to general product styling. 
A series of CAD tools were then applied to each of the defined stages in the vehicle 
styling process. There were certain key similarities making his work relevant to this 
thesis: 
9 The use of a design process to use as a time line by which to guide the 
application of technologies 
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" The practical application of the work- the research was looking specifically at 
how the designer interacts with the CAD system and is intended for use by 
designers 
" The definition of key Management Intervention Points, which define when and 
what specific media can be used in order to facilitate the decision making 
process. 
There were also key areas in which the research was distinctly different: 
The research investigation was based on the process for vehicle styling, rather 
than industrial design in general 
" The design process used was focused merely on the conceptual, styling stages of 
the design process, rather than the whole design process. 
" The research was looking at designing bespoke tools for use, rather than 
establishing what tools would be best to use within a range of options. 
Also relevant to this programme, an outline for a PhD investigation presented in a 
paper by Suntharalingham78, the aim of which was to, "assess and propose methods 
to support the design process ". At the time of the paper the work was focused on the 
relationship of Alias (one of the pieces of test software for this thesis) to the 
industrial design process. A model of the design process is defined based on four 
core areas: Analysis, Synthesis, Evaluation & Validation. All the stages in the 
process are studied and the areas where Alias might aid the design process are 
identified. Stressing the importance of careful consideration of when to use Alias in 
the process, the author describes the potential for the use of Alias primarily in the 
synthesis stage where Alias gives "the designer the ability to visualise and 
communicate his ideas without any ambiguity". He then goes on to describe how the 
digital model can be utilised throughout the other stages of the process for outputs 
such as appearance models, photo-realistic visuals or animations. 
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Although the paper cites no specific evidence, the supposition that a final appearance 
model might be the conclusion to the project, suggests that the author may perceive 
the `design process' to be limited to the conceptual, styling stages and therefore that 
many of the potential practical and technical difficulties have been overlooked. 
However, it does provide a useful benchmark as to how other `designers' might see 
the use of software such as Alias in a specific way within the industrial design 
process. 
Both the Coventry and Birmingham projects have similarities to this study in that 
they characterise the design process, then apply characteristics in the form of a 
technological approach to that process. The similarities evident between these 
projects and this study help support the idea that the subject area is topical and worth 
investigating. 
There has been a considerable amount of research into the use of sketching79 80 and 
the use of visualisation in the design process. There has also been investigation into 
the use of CAD and the capturing of imprecise data81, as well as into definitions and 
understandings of the creative process82. However, many studies appear to be 
concerned with only the conceptual stages of the design process, where the creative 
processes are intuitive and thinking divergent83. 
Other work not relevant to the investigative stage of the study, but relevant to the 
philosophy and presentation of the thesis are PhD theses recently completed by 
Pedgley84 and Bunnel8S. Pedgley's thesis is relevant in that it has a strong practice 
element whilst maintaining the methodological rigour required of a PhD study. It is 
also relevant in that he has decided to disseminate the results more widely via use of 
the Internet. Bunnel's work is relevant for the fact that not only is the thesis is 
presented entirely in CD format, but the research was practice-based, with the 
argument that the CD is representative of the practice focused philosophy of the 
research programme. However, it is reported to have a number of problems including 
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navigational difficulties and a lack of narrative thread, suggesting that presentation 
by these means has a long way to go. Durling comments that: 
Its real value is perhaps as a benchmark for how much more work needs to 
be done to achieve a successor to the conventional thesis. 86 
2.4.3 Practical relevance 
On a practical level several commercial design groups have considered the use of 
computer aided design tools. Although it is notoriously difficult to find time for 
reflection in action within design practice, groups such as PSD87, PDD88 & Black & 
Decker89, as well as in the researcher's own practice at Random & Alloy, have all 
found the time to reflect on the effect of digital technologies on their working 
practices, albeit not in a formal research environment. It is essential that this practical 
evidence be fed into the academic knowledge base, this research programme moves 
forward in having done this through the use of case studies of practice. 
Work that is practice-based contributes most strongly to the subject matter of this 
thesis. From a practitioners point of view the need to research is understood but 
personal experience suggests that the oblique nature of much academic design 
research presents a barrier to dissemination, to many designers the language may 
seem impenetrable and the relevance to their practice unclear. This thesis has 
therefore drawn mainly from the fields of study found to have both practical as well 
as theoretical applications. 
2.5 Design Practice V Design Research - The relative value of this project 
"For some practitioners, design research will always be an unwanted bastard "90 
2.5.1 What it means to be a design practitioner in design practice 
Design practice by its very nature is aggressive, passionate, fast, traumatic and 
subject to change at a moments notice. As well as sustaining the demand for 
creativity and innovation, design practitioners have to be able to manage clients as 
38 
well as constantly keeping up with design trends, new processes and technologies. 
On one hand, design practitioners are reactive, often expected to respond to clients' 
demands at very short notice. Despite a few notable entrepreneurs such as Dyson91, 
in the main it is still very much a service oriented industry. On the other hand, 
design practitioners have to be proactive, to pave the way for the development of 
new and improved goods, products and services. They have a responsibility to their 
clients to investigate and improve product aspects such as manufacturing efficiency, 
product effectiveness and brand awareness. They have a responsibility to the end- 
user to investigate and improve product experiences, product quality, ease of use, 
aesthetics and environmental impact. Finally, they have a responsibility to their own 
profession to investigate and improve the process by which they do things in terms of 
both human and technological resources. In practice each designer or design team 
has a tacit knowledge of his or her design process, only rarely is it formalised. It is 
imperative that these processes are studied and made explicit in order that we might 
understand what we are doing and why we are doing it, and how we might improve it 
and promote it's value amongst other disciplines. 
2.5.2 What it means to be a design researcher in design research 
Archer describes research as "systematic enquiry whose goal is communicable 
knowledge "92. Design research is the methodical study into a certain area of the 
subject in order to more fully understand the processes at work within that area. The 
study must result in knowledge in order to further inform the subject. Design 
research is a subject still very much in its infancy93 and design research is still trying 
to find its feet in terms of an appropriate methodological approach, to either adopt or 
define. However, design research is dogged by similar problems of definition 
affecting its core subject - design. Design is cross-disciplinary94, making it difficult 
to fully define what `design' is and what a `designer' actually does. Design 
researchers try to carry out effective design research with the tools and techniques 
that they have at their disposal, primarily those borrowed from other disciplines and 
subject areas. Most design research is carried out within academic institutions, many 
of which have strong links with external companies, but by their very nature must 
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preserve the uniqueness of the learning environment. Many design research projects 
are not practice-based, even fewer are based on the study of the commercial design 
process, many focus on an abstracted investigation of the design process, with the 
researcher on the outside looking in. This develops a theoretical understanding of the 
subject as a whole, but due to a general perception that research is not immediately 
relevant to practice, is unlikely to filter through to the designer `on the shop floor'. 
2.5.3 The conflict between design practice & design research 
Design research has to be methodical and methodological, it involves literary review 
and requires an understanding of design epistemology. The terminology in itself is 
alien to the majority of design practitioners. In carrying out this study, it has been 
found that the experience of carrying out design research within both the academic 
and commercial environments is extremely difficult, but invaluable to the 
development of research that informs practice. As has been shown by recent debate, 
there is still a significant gap of understanding between the theory and practice of 
design, hence, design practitioners may find it difficult to see the relevance of the 
more theoretical findings of design research and, in turn, design research may tend 
towards theoretical generalisations about practice which are more philosophical than 
practical. 
This study was conducted on the premise that when carrying out research through the 
medium of practice, it is vital that the research framework supports, but does not 
restrict, the ebb and flow of the commercial design project. Therefore, in order that 
the research activity did not conflict with the natural execution of the design project, 
within this programme, phases of design activity were conducted in an uninterrupted 
manner. Reflection and research activity occurred in cycles after events during the 
design process, using material gathered over the course of the project. At present, the 
study of commercial design projects is very poorly represented within design 
research. It is believed that the development of research frameworks and methods 
appropriate to the study of commercially driven design is critical to the furthering of 
a subject that should be supported by the intellectual rigour of its research base. It is 
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suggested that the intellectual development of design practice has much to learn from 
other vocational and practical professions that utilise the results of research to 
develop practice. For example, the educational tradition in the application of action 
research through a process of reflective practice that constantly strives to improve 
practice95 or from the medical tradition, applied research which thrives on the 
publication and dissemination of good practice 96 
2.6 Formative Research 
This section summarises the initial phases of the research study. This commenced 
with a pilot study programme, which provided essential familiarisation with the 
subject matter. This was followed by a software familiarisation exercise and the 
execution of two trial case studies. The findings from these generated a set of 
tentative positional statements and contributed to the methodological approach being 
formulated for the full investigative phase of the research programme. 
2.6.1 Pilot Study 
Part of the early research comprised a pilot study designed to provide essential 
familiarisation with the subject area of 3D computing. At the time, the knowledge of 
the subject matter of the research was minimal and there was no body of knowledge 
in existence to give an objective overview. Prior to the commencement of the study, 
CfID had purchased a state of the art 3D surface modeller `Alias'. With roots in the 
automotive and film industries, 97 Alias was promoted as a product design tool. Part 
of the early focus of investigation was on the place that this modeller would have in 
the study. From discussion of the differences between surface and solid modelling in 
2.2.2 it can be seen that a surface modeller can comprise only part of the picture. It 
was therefore deemed necessary to source an alternative solid modeller to contrast 
with the modeller already purchased. 
The pilot study had two key objectives; first, familiarisation with the subject area and 
the technology in order to provide an adequate base on which to build the full 
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research programme and second; research a complimentary 3D modelling system to 
the one which was already in place. 
2.6.1.1. Subject Familiarisation 
This involved a period of general familiarisation with the current status of 3D CAD 
through the following: 
"A literature review focused primarily on periodicals. The subject area was so 
new that there were few specific books written on the subject. 
" Attendance at two key conferences: "Product Design & 3D Computer 
Modelling" at Sheffield City Polytechnic (now Sheffield Hallam University), 
and "Virtual Representations for Design and Manufacture ", hosted by Coventry 
University. 
" The establishment of the CAID (UK) Research Group. We set up this research 
group (no longer in existence) in conjunction with other researchers who had a 
similar interest in the subject. The group was set up in response to the lack of a 
body of knowledge and it was intended as a vehicle for information sharing, the 
publication of research material and as a focus for CAID research. 
2.6.1.2. Which Solid Modeller? 
Following the attendance of research colleagues within the Centre at a conference on 
Rapid Prototyping", the importance of solid modelling within the 3D scenario 
became apparent. Solid modellers were important not only in representing a different 
approach to 3D modelling, but they provided a direct link to tool-making and 
tangible 3D outputs such as Stereo Lithographic models (SLAM) and Computer 
Numerically Controlled (CNC"") machining. Following a visit to CADCAM '92 (a 
computer aided design and manufacturing conference held at the National Exhibition 
" Rapid Prototyping: see Glossary 
"j SLA: see Glossary 
"" CNC: see Glossary 
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Centre) and demonstrations from software vendors the following systems were 
reviewed: 
9 I-Design°"', I-DEAS", CDRS", Pro/Engineer", Euclid"" & 3Dgo'iii 
As a result two systems were short-listed: 
" Parametric - Pro/Engineer, 
9 Matra Datavision - Euclid. 
There was concern that Euclid had shortcomings in terms of user friendliness and 
software expansion: following tests, problems of its compatibility with Alias were 
also found. Conversely, Pro/Engineer had the following advantages: 
9 Compatible with Alias, models could be translated from one modeller to the 
other. 
" Modular software enabled expansion to make the system more comprehensive. 
"A built in STLU" file translation protocol enabled direct communication with 
Rapid Prototyping Technologies. 
" It is a parametric modeller, which means that all the history related to the 
creation of a model is retained and any change to the model that affects another 
part of the model results in an automatic update. 
"ii! I-DesignTm: see Glossary 
I-DEAST"": see Glossary 
CDRSTM: see Glossary 
Pro/Engineer see Glossary 
'R EuclidTM: see Glossary 
"" 3D GoTm: see Glossary 
"" STL: see Glossary 
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" The review indicated that Pro/Engineer was emerging as a market leader; 
consequently the decision was made to adopt Pro/Engineer as the complimentary 
research software. 
2.6.2 Software Interface Assessment 
The aim of this phase of research was to "investigate the interface between the 
industrial designer and a 3D surface modeller". At this point in the research the 
learning curve on 3D systems was perceived to be a major stumbling block to their 
implementation, the intention of this aim was to investigate the nature of the learning 
curve on Alias from a designers viewpoint. The method, taken from established 
teaching processes, was one of linear reinforcement98, with the researcher learning 
the system first, and then teaching it to a novice student. The learning, teaching 
process re-enforced the fundamental system logic and enabled the evaluation of 
common problem areas. The objective was to provide an intuitive learning and 
teaching method. Durling99 points out that learning and teaching needs to be as 
appropriate to the tutee as possible, otherwise learning efficacy may be seriously 
impaired. The learning and teaching processes were recorded on daily worksheets, 
documenting progress in both written and sketch forms". Utilising the teaching 
method of linear reinforcement a method was derived which followed three key 
phases: 
" Background Reading: assimilation of learning documents supplied with the 
software. 
" Learning: Empirical learning through the creation of a 3D model of a previously 
designed object"'. 
" Teaching: Immediately following learning, teach the system to a novice 
student"". 
"" See Appendix 1.2.1 & 1.3.1 for examples 
"' See Appendix 1.2 
"" See Appendix 1.3 
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The objective of the software assessment was to make a judgement regarding the 
learning curve on the system and any factors directly affecting the building of a 
model. 
What was found was that the learning curve on Alias appeared to be less significant 
than first thought; it appeared that there were specific factors likely to affect the users 
ability to create a model effectively: 
" Understanding is much greater when exploratory techniques were employed, i. e. 
if, before a modelling task was attempted, a range of modelling approaches was 
discussed and preliminary test models carried out. 
" The modelling process is more effective if there is a good understanding of the 
geometry of the intended object. The better users understand the geometry of 
what they are trying to create the more the modelling process becomes a tactical 
process of tool and technique selection. 
" The flexibility of a model is relative to the integrity of the construction process. 
If a model is `badly' built then a change may require rebuilding rather than 
modification of the model. 
A tangible outcome of this phase was the creation of a set of quick reference 
`diagram cards'""', these consisted of an easy to understand explanation of the core 
modelling concepts inherent within the Alias software. These were created as a result 
of an analysis of the interface and dissemination of the major concepts and 
procedures throughout the learning process. These cards crystallised the 
understanding of the software enabled through the learning process and were 
subsequently used as part of the teaching process to assist in the tutee's 
understanding of system concepts and procedures. 
""" See Appendix 1.2.3 for examples 
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2.6.3 The Contribution of the Pilot Study to the Research Decision Making 
The addition of a solid modeller to the resource set significantly broadened the scope 
of the research. Prior to the acquisition of Pro/E, Alias was the only software 
available. By default therefore, the initial part of the investigation had studied the use 
of surface modelling only, which was done in pursuit of the first research aim: 
Investigate the interface between the industrial designer and a 3D surface modeller, 
Alias. Further, due to the inherent characteristics of the software (previously 
discussed in 2.2.2) the initial phase of the study looked only at the conceptual stages 
of the design process. 
However, the findings of the software assessment showed the initial premise; that the 
complex nature of the software made the leap from 2D to 3D inherently difficult; to 
be incorrect. The software itself was found to be much less relevant than was first 
assumed, it was how, when, and where it was used that really mattered. This pilot 
study therefore served to inform the decision to take the scope of the research to a 
broader and less software specific level. 
The teaching and learning process contributed to the research decision making in that 
it familiarised the researcher at first hand with one of the key pieces of research 
software. Through this activity it was found that the previously perceived problems 
with learning the software interface were not significant. This was very important to 
the direction of the investigation, up to this point the focus of the study had been on 
findings ways to solve the perceived problems that learning the software were 
presenting. When it became clear that whilst difficult to learn, the software was not 
providing a significant barrier to use, the idea of when and how to integrate it within 
the design process became much more important than finding ways to make it easier 
to learn. 
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2.6.4 Formative Case Studies 
The aim of this phase of research was to: "identify possible tactics for the 
implementation of virtual modelling at strategic points within the design process ". 
The principal objective was to investigate methods by which the adopted research 
software, Alias (at this point in time the only available software), could be used for 
the creation of virtual models as an integral part of the industrial design process. 
Both of the case studies were based on live projects, but were much smaller in scale 
ýý 
and complexity compared to case studies carried out later in the research programme. 
The use of 3D modelling as part of their execution was not specified in the original 
client brief. We were able therefore, to apply an experimental cyclical research 
framework to the use of 3D modelling software as part of their execution. The 
framework used a combination of personal activity and peer review. The application 
of action research methods within these studies represents an important phase in the 
overall development of the methodological approach for the investigation: 
" Pre-modelling discussions: definition of experimentation route (team) 
" Experimentation (self) 
" Evaluation of experimentation (self / team) 
" Refine tactic (self) 
" Execute project (self) 
" Evaluation (team) 
See Appendix 1.4 for a fuller explanation of the following case studies. Supporting 
images for these case studies can be found on the CD. 
2.6.4.1. Case Study 1: Seaward Electronics 
This case studied the design, modelling and presentation of two products: an 
oscillator unit and an amplifier probe. Both products house electronics, and have to 
be compliant with a stringent set of specifications. 
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The Brief: Develop schematic electronics layouts and design the casings for an 
oscillator and amplifier probe to refined concept level, taking into account all 
technical components and associated specifications. 
Requirement: The end result had to be sufficiently rationalised and of suitable quality 
for the products to be part of a tender for an impending BT contract. 
Response: The project had two key requirements: designing an appropriate casework 
around a set of electronic components, and presenting the design convincingly to a 
potential customer (BT) in a manner that would convince the customer that the 
design was feasible. The design problem was reasonably technical, and therefore the 
rationalisation of the various spatial and design problems was most suited the 
engineering rigour of Pro-Engineer. On the other hand, the presentation medium had 
to be as indicative of the final product as possible, a requirement more suited to the 
visualisation capabilities of Alias. The combination of technical content and the 
required sophistication of the presentation involved in the project meant that it lent 
itself to the combined use of Alias and Pro/Engineer, with final form presentation 
visuals created on Alias. 
Fig. 1. Final computer visualisations of amplifier probe (left) and oscillator (right) concepts. 
2.6.4.2. Case Study 2: Daniel Thwaites Ltd 
This case studied the design, modelling and subsequent presentation of proposals for 
two counter mount concepts. These were primarily point of sale products with few 
functional constraints. 
48 
The Brief Design a range of counter mounts taking into consideration brewery 
history, the nature of the family of products, as well as current and potential markets. 
Requirement: Represent the concepts at a level where they can be presented to the 
board of directors. 
Response: To make a prototype for this type of product would be prohibitively 
expensive and the client did not have the budget to do this. However, in order to 
make the important commercial decision of whether to proceed with the project and 
if so, which design to proceed with, it was important that they were able to see the 
product as close to reality as possible. The presentation had to be of an appropriate 
realism that it made a full and accurate representation of both the proposed mount 
and the associated graphics. In order to achieve this, the 3D models of the design 
proposals were shown in the context of a pub, photos of which were texture mapped 
to the inside of a cube, this enabled the counter mounts to have accurate reflections. 
Further texture mapping achieved a realistic representation of the proposed materials 
and graphics. These visualisation requirements are complex and ideally suited to the 
visualisation capabilities of the Alias software. 
Fig. 2. Early computer visualisations showing the two concepts with graphics 
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Fig. 3. Final computer visualisation showing the selected concept with final graphics in context 
Case Study Findings 
Initially, the challenge of how to build the model was perceived to be of great 
significance, the software had a learning curve that could present a real stumbling 
block to designers. The pilot study showed this not to be the case and indicated that 
in time, acquiring virtual modelling techniques would become like learning any basic 
design skill. Further, it is suggested that the appropriation of 3D modelling skills will 
become as conventional in design education as learning traditional skills such as 
model-making and become commonplace in the designers skill set. The findings 
from the learning and teaching processes had suggested that the question of tool 
selection in terms of building the model was not as critical as had been initially 
thought. This became further apparent during the execution of the case studies and 
experience with the Seaward and Thwaites projects further suggested that how the 
models are used as tools to verify and present design decisions was of greater 
significance to the designer. 3D modellers are seen as an addition to the tool-set, and 
therefore should be considered in terms of their integration with the totality, rather 
than in terms of the acquisition of discrete 3D modelling skills. The question shifted 
in emphasis from; 'How do I build this model? ', to; 'What can I do with it once it is 
built? '. 
Shifting the emphasis from the creation of the model, to the use of the model as a 
tool for decision making re-focused the study, and removed the problematic aspect of 
it being software specific. The study would broaden to accommodate all forms of 3D 
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modelling, the differential between solid and surface modelling would be broken 
down, and it would be 3D digital modelling media, which would become the focus of 
the investigation. 
2.6.5 Formative Research Findings 
As a result of the software interface assessment and the execution of the formative 
case studies a number of propositions as to the status of 3D modelling within the 
industrial design process were made. All of the propositions are interlinked but can 
be summarised as follows: 
Integrity versus Flexibility, i. e. the integrity of the construction path may affect the 
future flexibility of the model. 
This proposition encapsulates the concept of `laying good foundations'. Although 
this is often seen as an issue more endemic in the use of parametric architectures, 
where the entire history of the model is maintained, it can also raise problems with 
more flexible surface modellers. If a designer builds a model in an ill considered or 
haphazard way, he/she may preclude further edits being made to that model at a later 
date. When modelling, the designer needs to consider how they are building the 
model, to ensure that as much flexibility as possible is built in at `ground level'. It 
may be seen as similar to the analogy of building a house; a house built on poor 
foundations may not withstand the rigours of more building work being done on that 
site. An example of this was apparent in the Thwaites case study, where the cheek 
modelling of the horse head had caused continual problems, until it was realised that 
the construction geometry was just not capable of being edited to the design intent 
and therefore that part of the model had to be completely re-worked from scratch. 
This reiterates the need for the designer to be able to clearly visualise what it is that 
he she wants to model before commencing with the process; thereby reducing the 
potential for creating non-editable modelling geometry in the future. 
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Interpretation versus Clarity of Presentation, i. e. the mode or method of 
presentation may affect interpretation of form, finish, complexity and project 
progress. 
This proposition relates to how the clarity of the presentation of a concept can affect 
the perception of that concept by others. For example: if a designer was to present a 
solution to a design problem merely in the form of a sketch, the problem may have 
been solved, but the client may find it difficult to perceive the proposed design or 
that the problem had been adequately solved to proceed. However, should the 
designer respond at the same point with diagrams, models and perhaps some form of 
3D digital visualisation - such as a computer model, the client may well be more 
disposed to believe in the efficacy of the proposed solution. Although this is quite an 
extreme example, such principles can be carried through to the area of 3D modelling. 
3D models can be made manifest in many ways: wire-frame, simple shaded, photo- 
realistic, animation etc. If, at a first stage presentation, a 3D model is presented, as a 
photo-realistic animation, it might easily be perceived by the client that the design is 
complete, when in fact the proposal may well be completely superficial. On the other 
hand, presenting a client with only a wire-frame model may not be adequate to 
communicate the design intent. It is critical that the designer choose the correct level 
of visualisation for the 3D model to match the expectations and requirements of the 
stage of the project that is being presented. This need was illustrated by the existence 
of a piece of software seen at the CADCAM show in 1992. Essentially a technique 
for mapping textures, it would render Alias files with a less `perfect' texture, such as 
coloured pencil, airbrush or marker, suggesting that the image had been created by a 
more traditional method and that the design was therefore less `finished'. 
Appropriate use of Model versus Design Development, i. e. the decision to use 
computer modelling may affect the development of that design. 
This proposition refers to the effect of introducing 3D modelling at different points 
within the time frame of the design process, as well as the appropriate use of the 3D 
model throughout all aspects of it. The proposition suggests that if a 3D model of a 
design proposal is attempted too early, the 3D model may not be flexible enough to 
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develop as quickly as the design thinking. This may be for a number of reasons; the 
first is linked to another of the propositions, that the integrity of the model build may 
affect the future flexibility of the model, where the original model may not have 
enough inherent flexibility to develop in parallel with the design. Second, the skill of 
the designer may not be adequate to manipulate the model as quickly or effectively 
as they might wish, this may lead to the situation where the software drives the 
design rather than vice-versa. Third, however skilled the operator, a 3D model takes 
a reasonable time to build, working in sketches or sketch models can often be much 
quicker and provide perfectly adequate feedback. Introducing a 3D model too early 
may slow the progress of thinking down to a point that it affects the creative 
development of the design. 
The use of 3D modelling will probably affect how the design project is run and how 
that design appears at the end of the process. Using 3D the design is more likely to 
maintain design intent, for example in the Thwaites project: the final product in the 
pub was exactly the same as had been seen on the computer model. This is because 
once the design had been approved in its visualised form on Alias, it was translated 
into Pro/E and re-created as a solid model file in order to provide the data for 
manufacture. This meant that the design intent was maintained from start to finish. It 
was appropriate to use the visualisation capabilities of the software to present the 
concept to the client, and appropriate to use the 3D solids software to communicate 
the specification information to the manufacturer. 
Therefore, if used at all, it is essential to choose the right point in time to introduce 
the 3D model, not so soon that it conflicts with natural thinking, but soon enough to 
take advantage of the benefits. 
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Clarity of Communication versus Decision Making, i. e. decision making may be 
affected by the clarity of communication. 
Design decisions are made taking into account a range of factors. How well the 
design is represented at the point at which these decisions are made will play a vital 
part in the process. The form of communication used should take into account the 
type of project, the requirements of the project and an assessment of the client's 
expectations. The more clearly all the aspects of the design are communicated the 
more likely the designer and the client are to make decisions that are beneficial to the 
development of both the design and the project in general. 
In the Thwaites case study it was found that the client's perception of the model of 
the product was considerably affected by the presentation technique. The client 
found it difficult to interpret or understand the concept when presented with no 
reference to the context in which the final product would be placed, e. g. a public 
house. However, once the visualisation of the product was displayed in a way that 
made it look as close as possible to the way it would look in it's natural environment, 
as in Fig. 3, commitment to the design became much more positive. 
Another clear example can be seen in the representations of the designs for Seaward 
electronics. The contextual issues were not important, however clear communication 
of the different elements of the design was. These designs were more functionally, 
than aesthetically critical, and clear communication of these functional aspects was 
essential. Therefore the level of communication had to be clear and precise, rather 
than glamorous. 
The finding that a clear understanding of geometry was instrumental in effective 
model building suggested that perhaps a 3D modeller was not a creative tool in itself. 
It was seen that 3D modelling was most appropriate once the intended form had been 
rationalised and that what was required was a level of verification realisable only by 
some form of 3D representation. The decision to build a 3D model maybe driven by 
a number of factors, e. g. the final presentation requirements where perhaps many 
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colour and graphic options are required, with these factors affecting the integration of 
3D models into the design process. These first stages of the research programme 
were exploratory in nature and served to shape and refine the research question to 
have a greater focus during the final stages of the study. The execution of further 
case studies would seek to establish the relevance of the factors identified. 
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Chapter 3: Methodology 
"I think it is absurd to separate the study of designing from the practice of 
design. " 
Christopher Alexander. Notes on the synthesis of form. Harvard University 
Press. Fifteenth Ed., 1999, p. ii. 
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3.0 METHODOLOGY 
3.1 Introduction 
This chapter outlines the methodological framework within which this research 
investigation was carried out. It comprises three principal elements, the first setting 
the historical context, the second discussing the arguments for the methodological 
approach, the third describing the actual `methods' which were employed. 
A brief review of the history of design methodology enables understanding of the 
development of the subject and to identify the roots of methodological concepts. An 
exploration of the relationship between practice and design theory identifies the 
importance of the educational tradition from which much of the chosen Action 
Research methodology has developed. There then follows an explanation as to why 
this project is appropriate to an Action Research approach and how the techniques 
and practices were implemented. 
The section on the historical development of design methodology describes what has 
been studied and investigated in the past and enables the researcher to establish the 
novelty of the investigation. The thesis suggests that 3D CAD has significantly 
changed the way in which people design and has as a consequence, significantly 
affected the methods that we use to achieve an end result. It is therefore essential to 
understand and acknowledge the history of design methods in order to see how they 
have changed. This study adopts and adapts its methodology from a number of 
different camps; it is therefore appropriate to acknowledge the influence of the study 
of design methods both contemporaneously as well as historically. Alexander' 
rejected the concept of the study of design methods as being too academically 
focused, however the researcher believes and others have shown, that design 
methods can be studied within the practice context, as Archer states: 
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"Design methods is the field of study that has matured into the 
contemporary field of design research. "2 
3.2 The Historical Development of Design Methodology 
Compared to the more established fields of science and humanities research, design 
methodology is a relatively new field of research, and as such, its history is charted 
through a relatively limited number of papers, conference proceedings and 
established texts. As with many other literature reviews, the following will draw 
heavily on the seminal text `Developments in Design Methodology, 3. This text 
serves to set the scene for further discussions on the development of design 
methodology in this thesis. The four sections of the text; the management of the 
design process, the structure of design problems, the nature of design activity and the 
philosophy of design methods, effectively chart the historical & philosophical 
development of design methodology through what Broadbent4 describes as the first, 
second and third generation of design methods over a twenty year period from the 
first Conference on Design Methods held in London in 1962 to the Design Policy 
Conference in 1982. Crosss, describes these as marking the `birth' and `the coming 
of age' of design methodology. 
3.2.1 The Management of the Design Process 
This marks a period of `systematic design' thinking during which attempts were 
made to make the design process more efficient through the implementation of 
rigorous procedures. The rationale was that for designers to respond to developments 
in technology, especially computing, combined with the increasingly complex nature 
of the design task, would require radical new techniques for managing the design 
process. 
In `A method of systematic design'6 Jones argues for the combination of the rigour 
of mathematical and logical thinking with the intuition of the designer to supplement 
traditional methods. The idea was that separating creative from logical thought by 
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externalising all the logical aspects leaves the designer free to be creative. The 
framework for this is a linear process of analysis, synthesis & evaluation. The aim of 
this process was to reduce design errors & delays, thus enabling more imaginative 
and advanced design. 
In his paper `The determination of components for an Indian Village' Alexander7 
follows an exhaustive definition of the requirements thrown up by the problem 
context. Linking the requirements into subsets, for which solutions are designed, 
creates subsystems of the problem context. Alexander went on to use this paper as a 
stepping stone to his later work `Notes on the synthesis of form's, where he explores 
the creation of diagrams and patterns as being key to the process of creating form. 
Essentially reductionist in nature, Archer's9 approach is more artefact or idea 
focused. Like the others, he stresses the full collection of information before any 
critical design decisions are made. The core of his model is a six-stage process: 
programming, data collection, analysis, synthesis, development & communication. 
He acknowledges, however, that in practice this is reduced to a `creative sandwich' 
the centre section of which may comprise any number of `creative leaps' and 
`feedback loops' much of which is determined by the designer's experience and 
creative ability. 
Luckmans10 model can be seen as a development on the work of both Archer and 
Jones. It has as its basis the linear; analysis, synthesis, evaluation model, but presents 
it as a continuous cycle occurring at different levels of design detail as the designer 
breaks problems down into sections and sub-sections. 
All four follow a common thread in that they involve in-depth problem exploration 
followed by the breakdown of the problem into smaller ones and then trying to 
synthesise a series of partial solutions into a complete one. However it is Luckman 
who acknowledges the cyclical iterative nature of design as the designer proceeds 
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from general to specific problems requiring a holistic rather than step-by-step 
approach. 
3.2.2 The structure of design problems 
Further developments resulted in investigation into the way design problems are 
structured. Luckmani 1 had already expressed the cyclical nature of design iteration, 
Levin12 developed this by characterising design problems in terms of having 
controllable causes and controllable effects, in effect design parameters and 
variables. He determined the need for an `ordering principle' such as a geometric 
pattern in order to identify a clear order of decision-making. 
Alexander & Poyner13 objected to such arbitrariness in the design process suggesting 
that it was inherently subjective. They argued that needs were impossible to ascertain 
and instead present a concept of `tendencies', a statement which is like a hypothesis, 
open to testing and refinement. A design problem only exists when there is a conflict 
in tendencies. Following a similar path to the Alexander model, the designer must 
create relationships avoiding these conflicts. The intention is to create an 
externalised, objective body of knowledge similar to scientific knowledge through 
which designing will be objective rather than intuitive, driven by fact rather than 
value. 
This issue of conflict is taken up by Rittel & Weber14, who argued that a problem 
cannot be understood independent of context. This essentially marks the turning 
point to `second generation' methodologies, which acknowledge the design process 
as subjective and value led. They determine a split between `tame' problems and 
`wicked' problems; tame problems can be solved by scientific means, whereas 
wicked problems are solution driven. 
Simon15 however, argues that there is no real difference between `well structured' 
and `ill structured' problems, rather that the process of `taming' problems is the 
process of structuring them and that current logical processes are adequate. The 
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process of design therefore consists of moving from one sub-problem to the next, the 
result being a series of sub-solutions. The drawback is how to amalgamate these into 
a complete coherent design solution, a compromise with the least negative impact on 
the final product. 
The main agreement is that design problems are inherently ill defined and there are 
few designers who would not argue that one of the first tasks a designer has to tackle 
is that of defining the design problem. 
3.2.3 The nature of design activity 
The investigation of designer behaviour has been carried out through various means 
from the controlled experimentation of Lawson16 to the open ended interviews of 
Darke'7. Darke argues strongly that the designer has a completely solution focused, 
rather than systems focused approach to the activity of design, we encounter here one 
of the first examples of the inherent conflicts in using scientific methods to try and 
understand human behaviour. She states that: 
"the research material necessary to understand the design process is not a 
set of sketches but a knowledge of the mental process the designer goes 
through ". 
This follows the Kuhn18 and Hillier et al. 19 paradigm of conjecture - analysis, where 
design is seen as a process of `variety reduction' with the very large number of 
potential solutions reduced by external constraints and by the designers' own 
cognitive structures. It expands on the Hillier model proposing the concept of a 
`primary generator' for conjectures. 
Akin2° bases his work on Simon, attempting to break down the design process using 
protocol analysis. He recognises that design is unique in its constant generation and 
redefinition of task objectives. Lawson's21 work involved a more experimental 
approach and identified that science students are problem focused whereas 
architecture students are solution focused. It follows that designers solve problems 
through synthesis, scientists through analysis. 
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Thomas & Carroll22 introduced a model developing the concept of solution & goal 
focus: goal statement, goal elaboration, solution outline, solution elaboration, 
solution testing, agreement/rejection of solution. They argued that design is as much 
a way of looking at a problem as a problem in itself. 
3.2.4 The philosophy of design methods 
At this stage design research appeared to be reaching its `coming of age', researchers 
were drawing parallels between their position and developments within the 
philosophy of scientific research. Popper, Kuhn & Lakatos23 reject the scientistic 
view of value free knowledge and inductive logic. The philosophical standpoint 
began to shift to a focus on the designer and artefact. Hillier, Musgrove & Sullivan 24 
argued that design develops through gradual refinement of conjecture. This accepts 
that the relevant information the designer will need to resolve the process is 
incomplete and suggests that design research should help designers pre-structure 
their problems, thus changing the emphasis from procedures towards the study of 
artefacts. Daly25 went one step further in suggesting that the nature of designing was 
outside the bounds of what could be verbally described. 
3.2.5 Summary 
These main concepts of design methodology, covering a period of 20 years, were 
mainly generated by a group of researchers and scholars with the involvement of the 
occasional design practitioner. By the end of this period, both Jones & Alexander had 
become totally disillusioned with design methods and methodology. Alexander was 
very firm in his rejection, stating: 
"... a whole academic field has grown up around the idea of "design 
methods" - and I have been hailed as one of the leading exponents of 
these so called design methods. lam very sorry that this has happened, 
and want to state, publicly, that I reject the whole idea of design methods 
as a subject of study, since I think it is absurd to separate the study of 
designing frý om the practice of design. "26 
This negative stance was countered by Ritte1l27, who proposed the concept of 
`generations' of design methods. If the first generation was a systematic approach, 
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then the second could be seen as `argumentative' in which the role of the designer `is 
that of a midwife or teacher rather than the role of one who plans for others'. 
Broadbent's `third generation' looked at the conjectures and refutations model, 
proposing validation by the intended recipient, i. e. user or client. Design 
methodology emerged therefore newly confident, acknowledging that design 
methods must not try and follow the processes of scientific or humanities research 
but be natural to the act of design28. 
3.3 Review of methodologies for practice-based research 
The premise of this research project is one based on a design practitioner rather than 
a research practitioner's approach, therefore this section explores the development 
and increasing importance of research by design practitioners and how this has in 
turn driven methodological advances. This history is important to the research 
because it explores the context within which this study is based and enables a 
contextualisation of the findings. 
3.3.1 What is research? 
Archer29 clearly defines research as: 
"Research is systematic enquiry whose goal is communicable knowledge... 
" systematic because it is pursued according to some plan; 
0 an enquiry because it seeks to find answers to questions; 
0 goal-directed because the objects of the enquiry are posed by the task 
description; 
0 knowledge-directed because the findings of the enquiry must go beyond 
providing mere information; and 
" communicable because the findings must be intelligible to, and located within 
some framework of understanding for, an appropriate audience. " 
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He also states that the record of activity should be `transparent', i. e. that the process 
be duplicable and replicable, with the outcomes validated in an appropriate manner. 
In order to establish the position of design research, and particularly the position of 
practice-based design research, it is essential to look briefly at the key research 
traditions. Followed by a more in depth description of how these have been 
developed, particularly within the field of educational research, we see the formation 
of a practitioner based methodology that is more design oriented, that of Action 
Research. 
3.3.2 Scientific & Humanities Research 
Historically, there are two distinct traditions within research: scientific research and 
humanities research. McNiff 30 describes them respectively as the `empiricist' or 
`interpretative' traditions. 
The scientific tradition 
The scientific tradition is most concerned with the formulation, testing and 
evaluation of hypothesis. Evidence is gathered principally through observation or 
experimentation and the only valid data are that which can be directly experienced. It 
is objective and structured, conforming to the principal classifications of. 
fundamental, strategic, applied and action research 31. In scientific research all things 
are viewed as being predictable, regular, explainable and capable of being fitted into 
a predefined structure: scientific research is essentially quantitative. True scientific 
method appears to seek to disprove, rather than prove hypotheses. This conforms to 
the Popper32 paradigm described by both Archer and Reich33 of `Conjecture followed 
by refutation'. The scientific tradition seeks that theory should determine practice. 
The humanities tradition 
Humanities research on the other hand is essentially qualitative, concerned with 
expression, creative reflection, interpretation of meaning, exploration of value, 
categorisation and commentary on ideas, people things & events34. It acknowledges 
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that the accounts of those `researched' are as valid as that of the researcher and 
disagreements provide an opportunity for study to try and resolve mismatches. The 
key difference between this and scientific research is that although this form of 
research may require empirical or cited evidence, it is value and judgement driven 
and therefore subjective, researchers are required to take a theoretical or ideological 
standpoint from which the research must be judged. 
Reich35 cites two worldviews within the science tradition. One, which he calls 
`scientism' conforms to the old values of the science tradition: detachment, 
neutrality, logic, external validity, universality & generalisability, reductionistic, 
factual, context free, autonomous, value free, predictability & contro136. These are 
congruent with the scientific or empiricist tradition, as described by Archer37 & 
McNiff 8. The other, which he calls `practicism', has attributes closer to those of 
humanities research: immersion, experiential, actor, situational relevance, particular, 
holistic, interpreted, contextually embedded, not separated other fields of knowledge, 
value laden, promotion of human development39. This presents a more `naturalistic' 
and `democratic' form of research, which concurs with Archer's4° statement: 
"the once unbridgeable differences between science research & 
humanities research have moved closer together. Whilst science seeks 
ultimately to explain and humanities still seek ultimately to evaluate, 
science has become less reductionist in its attitudes and the humanities 
more empirical". 
Although the evidence suggests that the methodological basis of two traditions have 
moved closer, it is necessary to look at the key developments within educational 
research to see a methodology which would be appropriate for practitioner based 
design research. McNiff 41 argues that the methodologies of the scientific and 
humanities traditions make predictions or give descriptions of phenomena, but that 
practice needs a more direct approach for finding out why things happen as they do. 
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3.3.3 Practitioner Based Research 
In the researchers experience there remains a large gap between theory and practice. 
The methodological review undertaken by this research suggests that educational 
research has made the greatest steps in closing this gap and design research can learn 
a lot from it's epistemology. One of the key methodologies of educational research is 
Action Research, a form of research that provides a method for bridging theory and 
practice, enabling the development of theories from practice. It provides a series of 
techniques for self-reflective enquiry with the ultimate aim of improving the quality 
of practice. Not just restricted to education, Action Research is change-driven and 
has been used to understand and improve social situations in areas such as industry, 
health, education & community42. 
3.3.3.1. Action Research 
Although its roots lie in the scientific tradition, the traditional definitions of action 
research have been almost completely replaced by `practical' & `critical' 
conceptions43 of the methodology. Scientific research tends to be non-interventionist, 
whereas action research is participatory, requiring the researcher to be a key player 
or actor in the process, taking explicit action in order to `devise, test or shed light on 
44 something'. McKernan describes it as: 
"... a practice in which no distinction is made between the practice being 
researched and the process of researching it... The aim of action research, 
as opposed to much traditional or fundamental research, is to solve the 
immediate and pressing day-to-day problems of practitioners. "45 
In education as in other fields performance has been judged against traditional 
precedents, however through an emphasis on critical evaluation the Action Research 
movement has integrated researchers with a concern to: 
"improve practice and to understand the process of improving practice "46. 
Action research attempts to bring objectivity to the subjective process of intervention 
and change for improvement, however, in order to sustain credibility the researcher 
must be explicit about the intervention and their ideological standpoint in making it. 
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Models for Action Research 
In 1946 Lewin formed a basis for systematic enquiry, a model for action research 
that was then refined by Kemmis, Elliot & Ebbutt47. Lewins model involved a spiral 
of four steps: planning, acting, observing, and reflecting. Reflection then leads to 
further planning and so the cycle continues. Kemmis and Elliot went on to refine this 
model, Kemmis by reducing the number of control statements at each planning stage, 
Elliot by increasing the number of actions available within each spiral. Key to 
Elliot's analysis is that the practitioner is uniquely placed to study the theory of 
practice and that theoretical understanding is an essential component of practical 
action & discourse. However, whilst these early models were focused on the 
practitioner, Ebbut criticised them for being too prescriptive in their approach, and 
argued that the spiral model should be extended to contain a series of successive 
cycles, each with the potential for feedback both within and between the cycles. 
McNiff argues the case for a generative framework in which the basic Kemmis/Elliot 
spiral is maintained but now becomes three dimensional, allowing the researcher to 
address a number of different problems at the same time without losing control over 
the main problem. 
Action research and the practitioner 
There have been a number of educators who have sought different methods to bridge 
the gap between theory and practice: for example McKernan48, Schon49 & 
Whitehead50 all argue for an action research approach. Schon' argues that there is an 
enormous amount of tacit knowledge in professional practice and activity, explaining 
that we know much more than we can make verbally explicit. He goes on to describe 
how problems can be defined as being from the `high ground' or `swampy ground': 
`swampy' problems are those which concern human situations and may not even be 
seen as problems, but as `messy indeterminate situations'. This is comparable to 
Rittel & Webers'52 description of `tame' and `wicked' problems. Only practitioners 
are seen to have the skill to frame these situations into addressable problems. 
72 
Practitioners make skilful judgements and decisions about these situations in order to 
define a course of action, based on an intuitive interpretation Schon describes as 
`knowing-in-action'. Carrying out the course of action and intervening to reshaping 
the situation is described as `reflection-in-action'. It is through observation of and 
reflection on these moments of action and intervention that researcher practitioners 
may be able to make tacit knowledge explicit. 
McKernanS3 argues that rigorous reflection on practice can provide enquiry evidence 
that can inform theory and improve practice. His definition is that: 
"Action research is the reflective process whereby in a given problem 
area, where one wishes to improve practice or personal understanding, 
inquiry is carried out by the practitioner -first, to clearly define the 
problem; secondly, to specify a plan of action - including the testing of 
hypotheses by application of action to the problem. Evaluation is then 
undertaken to monitor and establish the effectiveness of the action taken. 
Finally participants reflect upon, explain developments, and communicate 
these results to the community of action researchers. Action Research is 
systematic scientific enquiry by practitioners to improve practice " 
Through this definition he makes it clear that he acknowledges the potential criticism 
of an Action Research approach and seeks to counter this through the definition of a 
stringent research process. Archer54 acknowledges that there is tacit knowledge in all 
practitioner based activity, but asks some questions about how practitioner activity 
can be deemed research activity: 
"was the practitioner activity an enquiry whose goal was knowledge? 
was it systematically conducted? 
were the data explicit? 
was the record of the conduct of the activity `transparent'? 
were the data and the outcome validated in appropriate ways? " 
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He concludes that for any practitioner activity to be classed a research activity it 
must meet the criteria, which define research activity as 'a systematic enquiry whose 
goal is communicable knowledge'. He goes on to clarify three classifications with 
respect to research and practice previously presented by Frayling SS, when he states 
that there is; 
" research ABOUT practice, 
" research FOR THE PURPOSES of practice, and 
" research THROUGH THE MEDIUM OF practice. 
This study is inherently practice and practitioner-based and therefore is concerned 
with research through the medium of practice. However, as Schon56 points out, it is 
not easy for practitioners to articulate their implicit processes. To achieve this, it is 
believed that the most appropriate methods are those offered by an action research 
methodology. 
3.4 Action Research as a Proposed Methodology 
3.4.1 Rationale 
The proposed methodology for the research investigation will draw primarily on the 
principles of Action Research. It has already been argued that action research has 
strong links with practice-led research, but how does it relate specifically to this 
investigation and how is the research programme actually going to be carried out? 
Following on from the educational tradition, Action Research lends itself to any 
practice-led research programme, one that uses as its research material, the activities 
and outcomes of everyday living practice. A special feature of Action Research is its 
closeness to context; it enables the researcher to respond to research findings and to 
make explicit interventions as the investigation is being carried out. Action Research 
both implies & means action applying to both people and systems, described as 
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being like ripples in water57, action on a small part of the system can have wide 
ranging repercussions. Halsey58 describes this as: 
`Small scale intervention in the functioning of the real world and the close 
examination of the effects of such intervention'. 
There is no escaping the latent conflict between action (practice) and research (see 
Marris and Rein 59 and Halsey6° for a discussion of the problem). Practitioners rarely 
have time to make an adequate recording of the process as they are going along, let 
alone to learn the theories associated with what they are doing beforehand. On the 
other hand, the ability to understand, carry out and implement research is of key 
importance to professions, and the importance of the potential contribution to 
knowledge should not be underestimated 61. The main epistemology of the modern 
educational research movement is focused on "reflective practice as a process of 
professional development , 62. This should be no different for design; after all, it was 
Schon who suggested that his `Reflective Practicum'63 should follow the example set 
by art & design studios. 
The designer and the artefact are central to the design process and design as an 
activity is solution focused. Action Research is appropriate for design research as it 
allows the designer/researcher to remain central to the activity of designing and 
although the technique is process oriented, there is a consideration of the final 
outcome of the process. Unlike the scientific tradition, it is based fundamentally on 
change, and the expectation is that the outcome will be an improvement on current 
practice. Although it is accepted that a participatory procedure is more effective than 
an imposed process", it is acknowledged that this approach to research requires a 
range of disciplines65. 
Due to the affinity of Action Research to the practice-led research programmes 
described above, it seemed that this methodology might provide an appropriate 
framework for this study. Research of this type is research with rather than research 
on66a domain of study. The adapted implementation of action research proposed for 
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this project is a kind of naturalistic field research, with an emphasis on heuristics, 
realism and relevance67. Design is all about people and it is argued that research of 
this type cannot be done through non-participant observation. Action Research 
provides a method by which tacit knowledge can be made explicit through the 
activities of a `reflective practitioner' 68, where the practice has to be experienced to 
be understood, but must follow the techniques of participant observation and provide 
reflection on reflective practice. 
Much of research is about asking the right questions as well as solving problems69, as 
some situations require a level of activity before they can be deemed problems 
capable of being tackled70. Action research is not just carrying out professional 
practice, it is being aware and critical, and using this critical awareness to be open to 
change and possible improvement. Design is about solving problems through the 
creation of an improved entity or artefact. Designers are constantly criticising and 
evaluating what they have done in design terms, and they need to be open to change 
and improvement. The ideals implicit in such behaviour should be transferable from 
the design of the artefact, to the method for studying the implications and effects of 
the designer's intervention. 
Action Research aims to give reasoned justification to claims to professional 
knowledge. It is systematic enquiry made public, which is not random or ad hoc. 
Although it accommodates the surprise elements of unpredictability and creativity, it 
seeks to raise intuitive practice to a conscious level. However, in order to understand 
the implications of issues such as technology on the process, we need to understand 
what we are doing and why we are doing it. As a practitioner/researcher, this method 
provides the framework for the most appropriate approach, as most other methods 
require observation without direct involvement. 
3.4.2 Case Studies & Action Research 
The principle method of data collection was through the use of case studies. These 
case studies mirror real world design projects as they were carried out at Cf D. The 
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projects were carried out in a manner typical to the everyday working of the Centre, 
and all material relating to the projects has been retained and documented in the 
knowledge that the work would be reflected on as part of an action-reflection cycle, 
both within the timeframe of the project as well as at a later date. 
Reflection on practice, i. e. recording the activities carried out during a case study, 
and then reflecting on them at a later date, is part of the requirement for an action 
research methodology. However, this study did not fully engage with all the 
principles laid out for a full Action Research methodology. Reflection on practice is 
important but there also needs to be an element of reflective practice and reflection 
on reflective'practice. The methodology applied to this study complied with the 
principle of reflection on practice. The reflective practice was carried out during the 
latter case studies forming the subject of the research in line with the researcher's 
developed understanding of the methodology of Action Research. However, neither 
these latter case studies nor the formative case studies were recorded as reflective 
practice accounts. Nevertheless, the reflection-on-practice case study accounts were 
used as a basis for a cumulative reflection-on-practice in order to derive the generic 
capacity of the knowledge that they produced. The implication of this approach is 
that it has more of a similarity to an Applied Research methodology based on case 
study methods, in that it was: "systematic enquiry directed towards the acquisition, 
conversion or extension of knowledge for use in particular applications. " However, 
although a reflective practice diary was not kept, it is argued that all conscious design 
activity comprises an element of reflective practice, albeit not in the formal sense. 
This differentiation between the ideal and actual processes is illustrated in the maps 
of the research design in 4.2, where the methodological approach is discussed in 
more detail. 
Yin states that case studies are holistic and focus on real life events71, objectivity 
must be maintained by externalisation through peer review and client involvement, 
he considers the case study a `comprehensive design strategy' and one which is 
appropriate to investigate: 
77 
"a contemporary phenomenon within its real life context, especially when 
the boundaries between phenomenon and context are not clearly evident". 
This can be seen to have relevance to design, where the creation of an artefact and its 
conditions of use are consistently interwoven. 
It has been stated throughout the course of this study that the focus of study (i. e. the 
case studies) must seek at all times to represent design activity as it is carried out in 
commercial practice. The peer group (design team) must therefore operate as 
designers within the commercial marketplace. It is believed that any `experimental' 
academic representation of this is unacceptable to the study as it will not and cannot 
have the same parameters that are applied in a real world situation. Stauffer & 
Ullman72 define three main methods of knowledge elicitation; 
1. direct observation or contemporaneous study of real design tasks, 
Z. retrospective reports and studies of past real design tasks, 
3. protocol analysis of simple experimental design tasks. 
In order to maintain maximum parity with real-life practice, the methodological 
rationale of the study is based on reflection on the execution of the design process. In 
the employment of technique `1' it can be argued that `knowledge of observation' 
might influence the activities being carried out. Nevertheless, a certain element of 
this technique must be employed if the practitioner is to `reflect-in-action'. 
Technique `2' appears to allow the design process to unfold naturally but requires the 
maintenance of a comprehensive narrative record in the form of case studies, diaries, 
anecdotal records etc. by the designer for analysis by someone else. Technique `3', 
takes the design process even further from normality by placing it in an experimental 
setting. It is argued by the researcher that in the context of the research aim of this 
study, this technique is far removed from the fundamental premise upon which this 
research is based and therefore inappropriate for use. 
78 
Holness73 states that: "only a combination of techniques can elicit all types of 
knowledge used in the design process ". It is expected that the use of case studies will 
provide the core of information necessary to do that. The use of case studies 
therefore encompasses elements of both techniques `1' and `2'. Although `2', 
described what was actually carried out in terms of reflection-on-practice, this was 
done not as a third party, but with the researcher as the central enquirer in the case 
studies. Within the case study there was a: `contemporaneous study of real design 
tasks' as an implicit part of the design process, along with: `studies of past real 
design tasks'. Within the latter element there was an emphasis on the recall of past 
events, which Holness74 describes as providing "The motives and reasons for the 
respondents adoption of the activities they describe, the values held and influences 
used to form their motives and reasons ". The emphasis on value judgements 
suggests therefore that the technique most appropriate was that which elicited data of 
a qualitative rather than quantitative nature, essentially reflecting the nature of the 
design process. Further, it is hoped that the use of multiple case studies will provide 
an element of `replication'. The intent was to reveal findings that can be presented as 
a generalised finding for industrial design consultancy practice. 
3.4.3 Research objectives and relationship to action research 
The objective of the research programme was to develop, through the completion of 
a number of case studies, a heuristic map representing the use of digital technologies, 
especially that of 3D CAD, as a communication tool within the design process. As 
has been previously stated, the researcher believes there to be a gap between the 
findings of observational research and the application of those findings to 
commercial design practice. The idea behind using the map to communicate research 
findings was to present findings in such a way that they are both meaningful and 
accessible to the practicing designer. The analogy of the `map' was seen to be 
appropriate as it lays out, in a navigable form, the various routes to the design result 
through the utilisation of digital technologies. 
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The representation of case study findings in the form of a map externalises the 
findings of the study in order that they might be clarified or refuted by others. This 
was seen to be a critical part of the action research cycle, as defined by McNiff 5, 
where the focus of study is constantly refined as the research process develops. 
Although its affinity with Applied Research is acknowledged, the investigation 
undoubtedly incorporated elements of reflective practice (even though its case 
studies have not been reported as reflective practice accounts), reflection on practice, 
and reflection on reflection on practice, thus providing the insight that describes both 
implicit and explicit design actions. 
In order to do this a research design must be devised. A research design is a plan 
that: 
"guides the investigator in the process of collecting, analysing, and 
interpreting observations. It is a logical model of proof that allows the 
researcher to draw inferences concerning casual relations among the 
variables under investigation. The research design also defines the domain 
ofgeneralisability, that is, whether the obtained interpretations can be 
generalised to a larger population or to different situations" 76 
The conflict between design practice and research has already been acknowledged 
and for the time being there appears to be no optimum design research methodology. 
More recently however, Scrivener" has suggested an approach for closing down this 
conflict, through a design research method described as Research-in-Design. This 
approach utilises a designer's accumulated experience, accepts that the designer is 
central to the process, but proposes a systematic and public recording of actions, 
reflection on actions, and reflection on these reflections. This is a powerful proposal 
that enables the elevation of everyday design practice to that of a combined design 
and research practice, that doesn't correspond exactly to the accepted norms of 
either. However, such theories are relatively recent and the researcher accepts that 
the methodology chosen had the best fit for handling the research objectives, it draws 
on a range of techniques which are applied in as systematic a manner as possible. 
80 
Unlike the work of many previous design researchers, this study is not concerned 
with the act of designing itself, but merely with investigating the methods by which 
designs are communicated and how this affects the decision making process. At the 
outset of the project, the methodological approach was not fully defined. The 
development of the research programme has been an opportunity to refine the 
techniques and tactics of practice through the application of a partial action research 
methodology. The investigation has parity with an action research cycle defined by 
Whitehead78 when he asked the question: 'How do I improve this process of 
education here? ' His process can be adapted for design, asking the question: `how do 
I improve this process of design? ': 
"I experience problems when my design methods are challenged in practice 
"I imagine ways of overcoming my problems 
"I act on a chosen solution 
"I evaluate the outcomes of my actions 
"I modify my problems, ideas and actions in the light of my evaluations 
Utilising this approach for Action Research, the case studies are then reflected on to 
create a case study report. Analysing the report through a process of cross-case 
analysis79 enables a series of statements to be made regarding the use of media and 
provides the information necessary for the creation of the heuristic map. Drawing 
from McNiffs8° theory describing a generative process whereby a number of 
problems can be addressed at once without losing sight of the original focus and the 
enquiry can be entered into at any point, the map enables the designer to define their 
start point within the process, then explore the range of possibilities available from 
the context of that start point. This combination of Action Research methods within 
design projects and their use as case studies within an applied research setting based 
on a case study method in order to derive generic knowledge from them has been 
advocated by Young81. 
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Chapter 4: Case Studies & Analysis 
"There are no design theories worth much attention and no figures of the 
status of Freud, Jung, Galbraith, or Marx to give a supervening 
perspective. So, without a consensual theory, or leading figures, all we 
have is a ragbag of ideas about a variety of practices. This means that 
empirical case study is the only way forward that has any real credibility. " 
WALKER, D. The case for cases, Co Design Journal, 01.02 03,1995, p. 33 
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4.0 CASE STUDIES & CASE STUDY ANALYSIS 
4.1 Introduction 
This chapter describes the main investigative body of work underpinning this 
research programme: the case studies and case study analysis. The case studies were 
undertaken as a vehicle to facilitate the understanding of the different tools that 
designers employ for design development and communication within the design 
process. The information provided by the case studies is captured in a full case study 
report (Appendix 2.2,2.3,2.4 & CD) and in the creation of a series of case study 
indexes. These indexes capture all the incidences of media use within each of the 
case studies, providing an accurate, chronological account of each project, and can be 
viewed on the accompanying CD. 
Following the description of the case studies is an explanation of the case study 
analysis process, where the case study indexes are overlaid to create a series of cross- 
case analysis maps. The findings revealed through the creation of these maps provide 
the material enabling the creation of an integrated cross-case analysis map; this 
provides a reference for citations of media use throughout all the case studies and 
enables the derivation of the final Heuristic Map. 
4.1.1 The case studies 
Case studies are a key investigative technique used in medicine, law and education 
for the development and improvement of practice. Case studies can be described as 
`an attempt to capture reality", and it is with precisely this objective that case studies 
provide the investigative basis for this thesis. Through the active participation of the 
researcher as an active member of the design team, the intention is to reveal what 
actually happens within certain aspects of the design process, rather than relying on 
what is thought to happen. 
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The investigation is based on three main case studies, with other projects carried out 
within the Centre, and the case studies from the formative research phase also 
informing the research. The case studies had to conform to a number of criteria 
before being considered for inclusion in the programme: 
" The projects must be `live', projects, which are to be carried out for an external 
client on a fee-paying basis. 
" The client had to agree on the inclusion of the project into the research 
programme. 
" The projects should have the strong likelihood of 3D CAD being used as an 
integral part of the process - 3D CAD should not be used solely to make the 
project fit the criteria. 
" The project should span at least two, but preferably more stages of the design 
process. 
" The project should be fully rounded, incorporating both functional and aesthetic 
considerations. 
As the investigation eventually focused on only three cases, in hindsight it may have 
been appropriate to have relaxed the criteria to allow the study of other projects. The 
difficulty with a `live' project as opposed to an experimental one is that the project 
path cannot be known at the outset. Some projects that were considered for study 
terminated before they had complied with the criteria for inclusion, others in 
hindsight complied with the criteria, but were not considered for study at the outset. 
The difficulty with this method is that it is ad hoc. If the research were undertaken 
again, the criteria for the selection of potential cases would be modified to include 
some form of prediction element, where a wider range of potential projects might be 
considered, with rejection of the unsuitable taking place at a later stage, this was not 
contemplated at the time. However, it can be seen that this is part of the action 
research process, with the development and improvement of research practice as 
important as that of professional practice2. 
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The three case studies are summarised in this chapter, a full description of the events 
within each, as well as the accompanying case study index, can be found in 
Appendix 2. All three cases are in the medical field, as the majority of projects 
carried out within the Centre for Industrial Design had a medical bias. The first case 
study follows the design of a piece of medical packaging, incorporating a remote, 
automatic mixing process. The second describes the creation of a throat spray, 
incorporating a series of value engineering issues. The third and final case study 
concerned the design of a public access terminal providing access to personal 
medical records. 
Although each case study concerned medically related products, this was not 
regarded as problematic due to the fundamental differences between them in terms of 
issues such as scale, user interaction and context. The throat spray is a small hand 
held device, bought and used by consumers; the mixing device is medium sized and 
would be used only by hospital staff, it would be purchased via a catalogue and 
discarded immediately following use; the public access terminal is large, and 
designed for access to private information in public spaces. These key differences 
mean that the design considerations for each product were substantially different. 
Where the researcher is involved as a practitioner in all of the case study projects, the 
execution of projects within a research framework is not without its problems. In 
order not to interfere with the natural flow of practice, but in order to sustain some 
element (albeit unrecorded) of reflective practice, reflection on practice could only 
be carried out between stages of design activity, utilising material gathered during 
the process and reflecting on it after the event. This had implications for the period of 
the cycle of Action Research. The full cycle and its formal record was completed and 
recorded at the end of each stage of activity. The reflective elements between stages 
were not overt and were not formally recorded. Despite this, with the timeframe of 
some of the projects spanning more than a year, the amount of information gathered 
was significant. The creation of a corresponding case study index (fully explained in 
4.3) was time consuming and potentially outside the time constraints of most 
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practitioners. It does however; provide a non-intrusive method of recording events 
and activities. 
With so few research methods devised specifically for design research3, part of the 
research investigation has involved the development of a methodology for the 
execution and subsequent analysis of the case studies. The methodology devised has 
therefore been drawn from a number of sources including education and the social 
sciences, as well as the study of design itself. 
4.2 Methodology 
"The essence of a case study, the central tendency among all types of case 
study, is that it tries to illuminate a decision or set of decisions: why they 
were taken, how they were implemented, and with what result. "4 
A full description of the rationale behind carrying out case studies within an adapted 
action research framework was described in Chapter 3, however it is helpful to look 
in more detail at how these methodologies relate to the actual process. The following 
diagrams illustrate firstly the ideal application of action research methods to the 
research programme followed by the actual application. Both describe how the 
elements of action research can be integrated with the execution of design case 
studies and then followed through to case study analysis. 
modify methods modi4 msthods 
for next project for next project 
Case Study 1 Cass Study 2 Case Study 3 
4---0 tºf0 
reflective practice reflective practice reflective practice 
1t 
modifying methods modifying methods modifying methods 
within project within project within project 
modify methods 
for full analysis 
Heuristic Map & 
Conclusions 
Hypothetical Cass Study 
Map Analysis 
Fig. 4. The ideal application of an Action Research methodology to the research programme. 
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modify methods modify methods modify methods 
for next proJ. a for next project for full analysis 
Csss Study 1 Case Study 2 Case Study 3 Heuristic Map 3 Conclusions 
Hypothetical Case Study 
Map FAnalysis 
Fig. 5. The actual application of a partial Action Research methodology to the research programme. 
As can be seen from comparing Fig. 4 and Fig. 5, although as has been previously 
stated the activity within the case studies did not followed a true process of 
`reflective practice', methods for the execution of the process were modified 
between stages of activity within the design process, therefore it is argued that an 
unrecorded element of reflective practice took place, although this cannot be 
substantiated. 'Reflection on practice' was carried out following each of the case 
studies. The learning from the experience of the previous project (case study), served 
to help the design team modify methods ready for the next. The analysis of the case 
studies was initially carried out through the creation of an initial hypothetical 
integration model. This represents an initial manifestation of the heuristic map based 
on general reflection of the case studies, which can be seen the outcome of a form of 
`reflection on reflective practice', or more accurately, `reflection on reflection on 
practice'. Learning from this process enabled the modification of methods for the 
full analysis process. The full analysis of the case studies leading to the creation of 
`A Heuristic Map for Digitally Integrated Design' and the drawing of conclusions 
followed a process of `reflection on reflection on reflection on practice'. The 
compilation of the case study material was carried out through `retrospective reports 
and studies of past real design tasks' 5 and as the formal record of the design 
projects; this transforms the nature of the research design for the study to that more 
in keeping with the premise of Applied Research projects based on case study data. 
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4.2.1 Types of Case Study 
There are three main types of case study6; 
" exploratory case studies, 
0 descriptive case studies, or 
" explanatory case studies. 
Case studies have been traditionally seen as exploratory7, but it is argued that these 
descriptors are not always distinctive and there is often significant blurring between 
the boundaries of each type of studyg. Here, the approach is not to make a concise 
definition, but to make sure that it is the most appropriate under the circumstances, 
with the relevant case study technique dependent on certain conditions9; 
0 the nature of the research question, 
0 the control that the investigator has over events, and 
" the level of historical or contemporary focus. 
The nature of the research question: 'what do designers need to know? ' suggests an 
element of exploration might be required. This can be seen to have happened during 
the formative research phase, where initial case studies and investigation revealed a 
number of propositions related to the use of digital modelling within industrial 
design. The questions for the latter case studies however, were more of a `how' and 
`why' nature, 'how did the designer communicate? ' and why did he/she do it in this 
way? This, connected with the chronological linking of activities and events within a 
design project, suggest the use of explanatory case studies. As a reflective 
practitioner, the researcher had significant control over events; the adoption of an 
action research methodology requires action, intervention and change. The study can 
be seen to have adopted elements of both the exploratory and the explanatory case 
study approaches. 
93 
The case studies can be seen as a form of naturalistic field research and the process 
of carrying out the case studies conforms to Archer's1° requirements for carrying out 
`research through the medium of practice'; 
" the practitioner activity was an enquiry whose goal was knowledge, 
" it was systematically conducted, 
" the data are explicit, 
" the record of the conduct of activity is explicit, 
" the data and the outcome are validated in appropriate ways. 
Although the case studies themselves are not replicable, the method and process 
underpinning them is. The data and the outcomes have been validated through a 
process of sharing with peers and other researchers and practitioners, both informally 
and formally through seminars, refereed papers and conference papers. The aim of 
this sharing with peers was to maintain objectivity and prevent the knowledge from 
becoming too subjective. 
It was anticipated that the use of multiple case studies, combined with knowledge 
from other projects, would provide enough information with respect to the 
consistency of events to be able to create a map explaining the integration of digital 
with traditional communication techniques within the industrial design process. This 
was intended to provide an element of `replication logic' as described by Yin" 
where: 
"the development of consistent findings over multiple cases and even 
multiple studies, can then be considered a very robust finding ". 
4.3 Case Study Compilation 
The case studies form the fundamental basis from which all the research findings 
were derived, therefore the method by which they were both carried out and reported 
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is of prime importance to the thesis. Although it is accepted that the participatory 
nature of the investigation means that the data revealed could never be totally 
objective 12, by their very nature action research methods refer constantly to the input 
of peers as part of the cyclical learning process, referred to as a `virtuous cycle' by 
McNiff 3. In the case of this research project the peer review was not only internal, 
i. e. that which was carried out by my colleagues, both in the context of their design 
practice in the case study projects as well as in the compilation of material, but 
external, through the practitioner/client relationship. 
The evidence pertaining to each of the case studies is contained within what is 
described as a case study `index'. This `index' references all relevant events within 
each of the case studies and provides the protocol template within which each of the 
case studies is compiled. The case study evidence comprises four principal sections: 
1. Section 1: Documentary evidence 
2. Section 2: Visual Evidence 
3. Section 2: Index 
4. Section 3: Narrative 
4.3.1 Section 1: Documentary evidence 
This section houses all of the documentary evidence collected throughout the course 
of each design project to which the case study relates. The documentary evidence 
(DE) relates to all project documents as well as referencing a number of telephone 
calls and face to face meetings. The written documents, such as faxes and letters, are 
contained in a series of project files, the majority of the documents are comprised of 
words, but some of the documents also contain visual information. However, as the 
visual information is contained within a document, it is referenced via the DE 
section. Each event to which each piece of evidence refers is recorded in the index; 
the original files remain the property of each client. 
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The DE is categorised into a number of sections, each piece of evidence is referenced 
by the index against one or more of these sections, enabling an investigator to cross 
reference to the original document to which the index refers. All documents relevant 
to the project are included, and are classified chronologically under a number of 
section titles*, e. g.: 
I. Project briefs, quotes & schedules 
H. Design reviews & general reports 
III. Correspondence to/from client 
IV. Correspondence to/from third parties 
V. Supplier selection/visit documentation 
VI. Supplier quotations 
VII. Confidentiality agreements 
VIII. IPR information 
Appl. General company information 
App 2. Misc. items not dated 
4.3.2 Section 2: Visual Evidence 
This section houses all of the Visual Evidence (VE) collected throughout the course 
of each design project to which the case study relates. The evidence, presented on the 
accompanying CD, corresponds with the associated contents list entry and is 
organised in a chronological manner. The full text of the case study narrative can be 
found in Appendix 2 and is summarised in 4.4.1,4.4.2 and 4.4.3. 
These titles relate specifically to the Bi-liquid Mixing System case study. Not all of the case studies require the use of all these 
sections. 
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4.3.3 Section 3: Index 
The index acts as the backbone of the case study, providing references for all the 
information available for each project. Each piece of DE is logged, referenced and 
categorised under a number of headings. Within the terms of the following 
explanation each item of DE or VE relates to an `activity' within the design process. 
The index headings are defined as follows: 
" Design Stage 
" Importance 
" Date 
" Activity 
" Source 
" Media Type 
0 
Fig. 6 shows an example of a section of the project index. The indexes for each of the 
three case studies can be found on the CD. 
Pre-Design 
Discussions 
1 1993 Ma', ' 1 ... _.. _ '. i, 
3 25 JJML confirm 1st meet date & send cont. agree. DE3 
4 June 3 Initial meet with JJML at Centre DEI 
-- - 4 J 12 -- Quotation & project plan sent to JJML ---- - DE1 
1 19 JJML query ownersh of IP DE1 
1 20 Confkma8on that IP owned by JJML DE1 
oncep( Generation 
Stage Start 
5 21 Brainstorm session CD SD 
1 23 Research evaluahon carried out 8 questions sent to JJML DE2 
4 28 Renewed part answers to research evaluation & original design brief 
recewed by CfID 
DE 1 
3 A 3 Further answers to research evaluation renewed 
0 3 Audus Nobles n confidentiality reement with CID 
0 6 LMG sign co nfidentgfty agreement wdhCID 
F 
0 _ Consuha nc contract sent by UBS to JJML __ __- 
20 In Brim Presentation (initial concepts) D DE2. SD. PI. M52 CV 
Fig. 6. A section of the Mixing System case study index 
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4.3.3.1. Design Stage 
This heading refers to the discrete stage in the design process that the activity was 
carried out, i. e. Concept Generation. This column refers to each stage as defined in 
the quotation and scheduling for the project. Most commercial projects carried out 
within the CID followed a similar set of stages, where each stage would have quoted 
against it an amount of time and an estimate of cost. These stages are relevant to the 
case study in that they tend to define the major presentation or external 
communication points within the project. In hindsight it can be seen that most design 
projects follow a series of design iterations, eventually leading to a final solution. 
These can be seen as one of the cyclical elements within the process, where a 
significant amount of `skipping' and `recycling' takes place's 
4.3.3.2. Importance 
This heading refers to the importance of the activity to the development of the 
design. Classified on a scale from 0-5, the level of `importance' refers to the 
relevance of each activity in terms of its influence on the project. A qualitative 
judgement made by the researcher as an active participant in both the research and 
design processes, the rating gives an indication of how important each activity was to 
decision making and therefore to the general progress of the design project. Ranging 
from 0= of minimal importance, to 5= of prime importance, this initial classification 
is key in that it serves to identify the most important elements of activity within each 
project. Activities given an importance classification of'5' are shown in bold. 
Activities that have been given a zero rating may have made some contribution to the 
development of the project, but would tend to be concerned with the administrative, 
rather than the design aspects of the work. 
4.3.3.3. Year/Month/Day 
This heading refers to the date that the activity was carried out. These columns 
identify the year, month and exact date of each activity as referenced by the 
documentary evidence. All activities are ordered chronologically. 
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43.3.4. Activity 
This heading comprises a short description of the activity or activities to which the 
documentary evidence refers, i. e. Presentation of Initial Concepts. 
4.3.3.5. Source 
This identifies where within the files of documentary evidence the reference to this 
activity can be found, and is referenced according to the sections described in 4.3.1. 
If an activity is referenced twice, both are stated. If the activity described is 
supported by some visual evidence available on the CD, this is also stated. 
4.3.3.6. Media Type / Definitions 
Essentially representing the taxonomy of the media, this shows what media types 
were used to support the activity, identifying the forms of communication or media 
types that were used within each activity. All forms of visual communication have 
been categorised as 2D or 3D, digital or non-digital forms of communication. All 
relevant activities can then be reasonably assumed to fall into a number of 
classifications made under these four headings. Definitions and illustrations of these 
media types can be found on the CD. 
4.3.4 Section 3: Narrative 
This section is what can be described as the `flesh' of the case study. It provides a 
commentary on the events that occurred throughout the project and describes how 
and why the various forms of communication were employed and what effect it had 
on the development of the project. 
Section 4.4 provides a summary which is illustrated by a selection of visual evidence 
images, the full set of images can be viewed on the accompanying CD. 
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4.4 The Case Studies 
The following section provides a brief overview of the three case studies, which 
provide the core investigative material for the thesis. 
w 
4.4.1 Case Study 1. Bi-Liquid Mixing System 
Client: Major Pharmaceutical 
Product: Bi-Liquid Mixing System 
Project: The design of a bi-liquid mixing vessel for use with a new 
sterilising solution 
The following provides a brief summary of the key events that occurred during the 
execution of a project to develop a Bi-liquid mixing system for a new type of 
endoscope cleaner. The Centre for Industrial Design carried out this project between 
May 19th 1993 and August 24th 1995. A full report for this case study can be found 
in Appendix 2.2, a full visual record of this case study can be accessed via the CD. 
4.4.1.1. The Brief 
Design a method of packaging two liquids, an acid and a buffering solution which, 
when combined, provide a sterilising solution for endoscopes. The liquids must be 
kept separate until the solution is ready to be used and the user should have no access 
to the liquids until they are mixed. The container must be tamper evident and pouring 
the resultant mixed solution should take less than 20 seconds with no undue 
splashing. 
4.4.1.2. The Result 
The final product consisted of six components, making up an inner flask and an outer 
container. The inner flask comprised a lower component, into which the acid would 
be poured, then an upper component to cap it off. This would be inserted into the 
neck of the main bottle, previously filled with a buffering solution, and held via a 
mechanism in the neck of the bottle. An over cap completed the container, tripping 
over a set of ratchets on the top of the acid flask. 
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On removal of the over cap the ratchets activate, unscrewing the cap of the inner 
flask, releasing it's contents into the solution below. By the time the user has 
removed the over cap, the acid is neutralised and the resulting solution can be poured 
through the annular space between the top cap of the inner flask and the neck of the 
container. To the user this complex set of events would not be apparent, as far as 
they were concerned, all they had to do would be to screw the cap off and pour the 
solution out, a standard activity requiring no instruction or training. 
Fig. 7. Final mouldings - mixing system 
4.4.1.3. The Process 
During the course of this project, 3D modellers (both constrained and unconstrained) 
comprise the predominant design tool. This is principally due to two reasons; firstly 
in most instances the nature of the design with its complex cause and effect 
interactions demanded it; secondly it can be seen that its use was a means of 
impressing the client. In hindsight there are some incidences of its use within the 
project that are in excess of the requirements of the project, such as in the first `initial 
concepts' presentation (Fig. 8). However, it can also be seen that in the earlier stages 
of the project the use of 3D computing gave the client the confidence that concepts 
worth pursuing had been generated (Fig. 9), and in the latter stages it was imperative 
to the proving of the design through the use of rapid prototyping (Fig. 11). The use of 
3D computing also enabled our client to communicate the design of the product 
independently, with outputs such as a 3D animation forming a complete 
communication piece, requiring little or no interpretation (Fig. 12). At the time that 
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this project was carried out few toolmakers could accept 3D data, so although we 
were able to generate 2D specifications directly from the 3D models there was still a 
certain amount of interpretation that had to be done on their part. However, it is true 
to say that having the ability in the earlier stages to supply what was essentially a 
photograph of the finished component, and in the latter stages a physical model, 
removed a considerable amount of this interpretation (Fig. 11). In fairness, without 
the use of 3D computing, neither the Centre for Industrial Design nor the client 
would have had the confidence to pursue the concepts to tooling, and if we had, it 
can be assumed that the amount of tooling modifications required would have been 
far more extensive, leading to increased delays and project expenditure. 
The project did not utilise any of the more aesthetically driven tools such as soft 
modelling or appearance models, this was primarily due to the functional nature of 
the project, with the complexity of the components making such approaches 
inappropriate. Fig. 8 to Fig. 12 provide a selected visual summary of the project, the 
full visual summary can be viewed on the CD. 
Fig. 8. Mixing system: Initial Concepts 
i 
Brainstorming sketches Board from initial concept 
presentation 
R 
Initial Concepts shown via 
unconstrained 3D digital 
models 
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Fig. 9. Mixing system: Design Development :1 
Presentation Illustration The 3D unconstrained model created to develop the 
showing x-sectional view principles of the concept is also ideal to 
communicate to the client 
Fig. 10. Mixing system: Design Development B 
Irr: === _ý .. 
Typical example of a 2D technical drawing sent D¬%'elopment of the concept was moved to a constrained 
A short animation was created in order to explain the concept to the client 
Fig. 1 1. Mixing system: Design Development C: Final Specification 
, ý- -ý. 
3D Digital component Rapid prototype created Technical Drawing created directly 
directly from 3D Data from 3D Data 
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Fig. 12. Mixing system: Communicating the design to external parties 
Some plastic parts and some 
rapid prototype parts were 
used to present the physical 
aspects of the design 
3D animation used to display the concept to a large audience 
4.4.2 Case Study 2. Soulagil 
Client: Procter & Gamble 
Product: Soulagil 
Project The re-design of a packaging solution for a throat spray that 
would retain all the benefits of the existing pack whilst cutting 
costs by 30%. 
There follows a summary or overview of the events that occurred during the 
execution of the project named `Soulagil'. The Centre for Industrial Design carried 
out the project on behalf of Procter & Gamble (P&G) between February 18th and 
October 21 s` 1992. 
4.4.2.1. The Brief 
Re-design the packaging of an existing throat spray product (Soulagil/Ultra 
Chloraseptic). The existing packaging had a number of functional and ergonomic 
benefits, but was extremely expensive to produce. The challenge was to achieve a 
30% cost reduction whilst maintaining the key benefits of the existing pack. These 
G) 
key benefits included the protection of the actuator when not in use, the prevention of 
UV deterioration of the Soulagil liquid, and the provision of a user-friendly method 
of application for the end user. 
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4.4.2.2. The Result 
The existing product consisted of a custom produced bottle with an off centre neck 
sheathed in a label protecting the liquid from UV deterioration. The bottle was 
capped off with an over-cap within which sat a long armed actuator. Once the cap 
was removed, the user would swing the actuator round to gain better access to the 
application area (the throat). 
The final design (Fig. 13) consisted of a bottle with an over-cap, which both 
managed and contained the long arm actuator. The actuator would be stored down 
the side of the product when not in use; the user would then remove the actuator and 
attach it to the pump in order to dispense the liquid. Once dispensed, the user would 
replace the actuator in the storage position. Replacing the existing custom bottle with 
a standard off the shelf component, the new bottle was coloured so the sheathing 
could be replaced with an inexpensive label. The large over-cap was replaced with a 
smaller one, which reduced material costs. The overall package was smaller & 
lighter thus reducing distribution costs. The new actuator required a modification of 
the existing tool, reducing the need for expensive re-tooling. The final design 
ultimately resulted in a production cost saving of 25% whilst maintaining the key 
benefits of the existing pack. 
Fig. 13. Soulagil: Computer Visualisation of the final design 
4.4.2.3. The Process 
Reflecting on the process it can be seen that during this project computer 
visualisation is used to great effect but it is used predominantly as a communicator 
and a facilitator for making decisions, rather than as a design tool (Fig. 16). Sketches 
and rough technical drawings are used heavily throughout the process in order to 
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Final Design - Computer Visualisation Final Design - 2D Technical Drawing 
- variant I 
4.4.3 Case Study 3. Medis 
0 
Client: Department of Health: Scotland 
Product: Medis 
Project: The design of a terminal and associated interface to allow patients 
to access their personal medical records held on an optical card. 
There follows a summary or overview of the events that occurred during the 
execution of the project named `Medis'. The project was carried out by the Centre 
for Industrial Design on behalf of the Department of Health in Scotland and spanned 
a timescale between April 7`h 1994 and January 24`h 1996, however the core work 
was carried out between 28th July 1994 and 15th June 1995. This project was slightly 
different to the other case studies in that it comprised the design of both hard and soft 
entities, a product and interface. The focus of this case study is the design of the 
product. 
4.4.3.1. The Brief 
The project was linked to a research programme, which in response to government 
legislation was assessing the effect of allowing patients to have access to their 
personal medical records via an optical card. The information on the cards was 
accessible via a standalone terminal. The client's opinion was that the existing unit, 
which had been described unflatteringly as a `brown steel coffin' was having an 
adverse effect on the findings. The Centre for Industrial Design was commissioned to 
design a more appropriate unit, which had to contain a number of pre-determined 
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They are presented to the client using a ... and appearance models 
combination o%l)rc'sentation illustrations... 
MIR 
.. and 
digital models, both with ... and without graphics 
Fig. 17. Soulagil: Concept using a modified actuator and a standard bottle 
Mr. 
CC 
171 
r 
Technical drawing of modif ed Presentation 
actuator Illustration 
Fig. 18. Soulagil: Specification Development 
Ir 
Sketches are used to work out 
concept details 
3D Digital Model Appearance Model 
lI ý_ 
A-i 
H 
Technical drawings are used to quickly clarify the concept 
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Fig. 16. Soulagil: Concept Presentation 
continually evaluate the design (Fig. 14, Fig. 15, Fig. 18). Models and computer 
visualisations (Fig. 16) were an extremely useful part of the process but were created 
predominantly for the client, rather than as part of the development process. This is 
probably due to two factors; the only 3D software that was available and employed 
was an unconstrained modeller, anything created within this medium had to be re- 
created in a specification driven medium in order that it might be communicated to 
manufacturers, this would not have been the case had the product been created in a 
constrained modeller such as Pro/E. Also the product was relatively easy to 
understand, the mechanisms were simple and easy to visualise, the forms were of low 
complexity, the use of computer media performed a confirmatory rather than an 
exploratory function. What this project showed most strongly however, was the 
power of mixed media, of taking the most appropriate elements from each media and 
mixing them to form a complete and powerful communication package (Fig. 16). 
Fig. 14 to Fig. 18 provide a selected visual summary of the project, the full visual 
summary can be viewed on the CD. 
Fig. 14. Soulagil: Initial Concepts 
Initial brainstorming Concept Generation Hand drawn illustrations 
sketches present Interim Concepts 
Fig. 15. Soulagil: Concept Development 
rk 
Concepts are developed using a 
combination of sketches... 
-. ý, "' 
and hand drawn technical drawings 
106 
hardware components and had to allow for a range of use and environmental 
situations. The Centre was further commissioned to redesign the interface which had 
to be sympathetic to the needs of the end user, be simple to use and easy to 
understand. Both the interface and the unit had to be friendly whilst retaining user 
confidence in the accuracy and security of the information presented. 
4.4.3.2. The Result 
The existing physical product (Fig. 19) consisted of a large brown steel box, which 
had no sympathetic qualities towards the end user. It was monolithic, had no privacy 
provision and a screen that was at a height only appropriate for certain users. 
Fig. 19. Medis: Existing product (left), final product (right) 
The resulting product (Fig. 19) had a large curving screen to give a feeling of privacy 
to the user and provided an optimum location for branding and instructions. The 
large flat surface gave the user a place to put bags or printouts. The angled screen 
enabled a wide range of people to use the unit, from children, to the wheelchair 
bound, through to a standing adult. The hardware was concealed in a simple 
`cupboard' so allowing easy access to the various components for maintenance. The 
use of coloured laminates and soft, calm colours helped the unit fit in with the bright, 
friendly space of Inverurie Health Centre, the location for the initial prototype. 
As a result of the design proposals the research programme received extensions in 
terms of both time and money. Another MEDIS unit was installed at St Andrews 
House, the Government offices in Edinburgh. 
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4.4.3.3. The Process 
Reflection on the process illustrates that this project used traditional and digital 
methods in very distinct stages. The first stages of the project were concerned with 
coming to terms with the issues and because of the scale of the project, 
familiarisation with the volume constraints. This resulted in a predominantly hands- 
on approach, using lots of sketching and soft modelling (Fig. 21 & Fig. 22). However 
once these basic issues were resolved 3D modelling became a very useful tool (Fig. 
23 & Fig. 24). 
Although the product looked simple the geometry surrounding the angled & 
suspended monitor, combined with the curving back were especially complex. 
Without doubt, the ability to produce the 2D cutting patterns from the 3D models 
resulted in a considerable time saving. In addition to this we were able to check 
component clearances very easily and put the product quickly into context to 
establish exactly how much space it would need and how this would affect its 
environment. 
The use of 3D within this project was essentially more for practical than cosmetic 
purposes, and essential in resolving efficiently the technical requirements of 
production. The real human impact of the project came through the use of full size 
finished models, through which we were able to make decisions about interaction 
and ergonomics (Fig. 24). 
Fig. 20. Medis: Research 
Researching the Researching the environment: Scale Model: Kintore Scale Model: 
environment: Kintore Inverurie Health Centre Inverurie 
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Fig. 21. Medis: Initial Concepts 
4 
Initial brainstorming Full size schematic Schematic 
sketches configuration rigs configuration diagram 
for Initial Concept 
Presentation 
Fig. 22. Medis: Concept Development - Asymmetrical Concept 
Sketches & drawings Scale sketch models 
Fig. 23. Medic Concept Presentation 
4 7'ýý ý _1ý 
ý ýý. 
ýF 
Concept illustration 
for Initial Concept 
Presentation 
Full size sketch models 
Full scale soft model The 3D digital model is built around Presentation board showing finish 
the internal components options 
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Fig. 24. Medis: Final Design Proposal 
Full size appearance model Final design detailing Constrained 3D Digital Model 
Fig. 25. Medis: Corporate Identity Proposals 
medis 
Initial concept 
Initial Prototype 
Fig. 26. Medis: Final Product & Specification 
-ý 
ME+)IS 
Final logo 
Installing the final 
prototype 
Final specification documentation 
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4.5 Case Study Analysis 
"Data analysis consists of examining, categorising, tabulating or 
otherwise recombining the evidence to address the initial propositions of 
the study" 15 
4.5.1 Introduction 
The case study material is collated and tabulated in a systematic way following the 
case study protocol defined in section 4.3. The purpose of the case study analysis is 
to `boil down' that material through a process of reflection on reflection on practice. 
Although the data are organised and categorised, they require analysis in order to 
establish how they might inform the factors affecting the use and integration of 
various forms of media, and more specifically 3D digital modelling media, with the 
industrial design process. The objective of the analysis is to find some parity between 
the findings of the case studies, providing some of the material to start to enable the 
generalisation of these findings to industrial design practice as a whole. This chapter 
discusses the process of analysing the case study data, and discusses the results of the 
analysis. 
The propositions derived following the initial case studies (2.6.5) suggested that 
there were a number of factors requiring consideration when attempting to integrate 
3D modelling media with the industrial design process. However, as the formative 
case studies were very limited in scope, the propositions required testing in a range 
of more in-depth cases. In order to explore, expand and establish the wider relevance 
of these factors, it was deemed necessary to define where and why the various forms 
of media might be used within the process. In order to establish the position of digital 
media within the process, it is necessary to look at both traditional and digital media 
types. The characteristics of those media can then be identified along with any 
correlation between the characteristics, and where and why the media were being 
used. As Yin16 points out, case studies are used to reveal what people are actually 
doing instead of what they think they are doing. Rigorous analysis of the case study 
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data provides a valuable insight into the integration of 3D digital modelling media, 
enabling a clearer picture of the factors affecting their use and therefore where, when 
and under what circumstances it might be appropriate to use such media within the 
industrial design process. 
Following the completion of the case studies, but prior to their collation and analysis, 
an ad hoc. hypothetical construct of the perceived results of the case study data was 
generated. Known within the confines of this study as the `hypothetical map', it 
defines the probable integration of digital and traditional media within the industrial 
design process. This construct was a result of initial and informal reflection on the 
case studies, in addition to reflection on all commercial projects being carried out 
within CflD at the time. The hypothetical map acted as a starting point, a method of 
focusing thinking, providing a framework for the full analysis of the dedicated 
research case studies. The hypothetical map is fully explained and illustrated in 
section 4.5.5. 
A number of elements comprise the discussion of the case study analysis process. 
Firstly an appropriate methodology is identified and defined, utilising theories from 
Yin'7 and Langrish'8. The specific analysis techniques are adapted from Yin's 
method of `Cross Case Analysis' 19. A description of the analysis process follows, 
exploring the process of extracting the case study data and then constructing it into a 
meaningful form. Finally, the results of the analysis are synthesised in order to define 
a map describing the integration of 3D digital modelling media within the industrial 
design process. This, when compared with the hypothetical map, enables the 
researcher to establish any differences between what was thought to have occurred 
compared to what actually occurred, based on the evidence provided by the case 
studies. This enabled the researcher to establish what was actually happening as 
compared to what was thought to be happening - thus complying with the 
requirements of a case study approach. Also, the hypothetical map can be seen to 
represent a kind of informal hypothesis of how 3D digital media integrates with the 
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industrial design process. The data represented by the final map will serve to ratify or 
disprove the perception with the reality. 
The specific objective of the analysis process is to define a map, based on 
commercial design practice, which describes the likely integration of 3D digital 
modelling media into the industrial design process. This will then serve as a 
backdrop against which the characteristics of these media, and therefore the factors 
affecting their use, can be investigated and discussed in more detail. The ultimate 
objective of the research programme is to provide the industrial designer with an 
insight into the appropriate use of 3D digital modelling media truly reflecting 
practice. The outcome will take the form of a `Heuristic Map for Digitally Integrated 
Design' that enables the industrial designer to explore what forms of media are most 
appropriate at certain stages of the process, why they might be used and what 
characteristics they have to make them appropriate or inappropriate for use at certain 
points in time and any factors affecting that use. The objective of which is to help the 
designer, when faced with a range of tools, make an informed decision about how 
best to use them. 
4.5.2 Methodology 
Carrying out and reporting on case studies is one part of the process of studying what 
we are doing instead of what we think we are doing. Further, reflection on practice 
tells us a lot about each individual case, but thorough case study analysis is required 
to produce both reliable and tangible results. 
4.5.2.1. Case Study Design 
As these case studies rely on data collected by active participators, the interpretation 
of what actually happened during the case is open to subjective interpretation. It is 
therefore imperative that the analysis process is as rigorous as possible in order that 
any results can be seen to be as objective and reliable as possible. Although much of 
the analysis methodology adopted has been from the field of social sciences20 it is 
believed that many of the techniques are appropriate and can be effectively employed 
in the analysis of design based case studies. Langrish21 has provided a key paper on 
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design case study analysis, but even in established fields case study analysis 
strategies are not well developed and the adoption of strategies from other disciplines 
is not unknown. With the field of design research still relatively new, it is a common 
phenomenon to look to other research disciplines for guidance. 
This study follows a multiple case approach, which is commonly used in the field of 
educational research. Much of the methodology adopted in this study as well as in 
action research in general, is adapted from educational research methodology. It can 
be seen therefore that the adoption of a multiple case strategy is a natural 
progression. The case studies carried out during this research adopt the theory of 
`replication logic'. This can be seen to be similar to the type of study used in medical 
research, where a similar result is predicted in each case and when similar results are 
obtained, replication is said to have taken place22. 
Theoretical & Literal Replication 
The logic underlying use of multiple case studies is such that each case should be 
selected so that it either; 
" predicts similar results (literal replication), or, 
" produces contrasting results but for predictable reasons (theoretical 
replication)23. 
Yin24 states that two to three literal replications are adequate if the case theories are 
different and the subject is not of a critical nature. For example: a medical 
application such as clarifying that a drug was safe would require the researcher to be 
completely certain of the results. However in the case of design, each context is 
unique and the issues are rarely critical to the same degree. With respect to the use of 
3D technologies within industrial design it was predicted that each case would 
produce broadly similar results, this prediction was made on the basis of the 
researcher's experience in carrying out many design projects, not covered by this 
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research study, which utilised these technologies. The objective therefore was to 
obtain an element of literal replication. 
4.5.2.2. Analysis methods 
Analysis methods need to be sufficiently reliable that under similar circumstances 
another investigator might make the same findings and conclusions. The goal of this 
reliability is to minimise the errors and biases common within inherently subjective 
methodologies such as action research. The research followed a process whereby 
each case consisted of a `whole' study in which evidence is presented to support the 
conclusions for each case. The conclusions for each case then require replication by 
other cases. The following diagram shows some parity between the research method 
followed by this study and a case study method with cross case analysis. The words 
in italics illustrate the amalgamation of this method with the action research process. 
The original diagram is that presented by Yin as a representation of a case study 
method. The original diagram is shown in black serif type, the words in red san serif 
italics signify the research method adopted by this study. 
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Fig. 27. Case study method (in black) shown amalgamated with the research method adopted by this study (in 
red)25 
Part of the preparation for case study analysis is to define an analysis strategy. There 
are two commonly used strategies for case study analysis26: 
1. Theoretical propositions: this strategy is concerned with investigation into the 
original theoretical standpoint that was taken, that led to the requirement for a case 
study to be carried out. The execution of the case study would serve to study and 
explore the theoretical proposition utilising the data provided by that study. Within 
this thesis, the theoretical proposition would be represented by the propositions 
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defined at the end of the formative research phase. These propositions might then be 
investigated through the study of specific data, illuminated by the case studies. 
2. Case descriptions: this strategy develops a descriptive framework in order to 
organise and explain the case study. In the case of this investigation, the descriptive 
framework might include aspects such as the selection criteria for case study projects 
and a description of how the project corresponds with the research design. The 
descriptive framework then helps to organise the analysis process, and can include 
quantitative as well as qualitative data, that is objective as well as subjective. Within 
this thesis, the framework might be represented by the case study index, as it 
provides a common representative template for each project description. 
This research can be seen to rely on both of the strategies described above. The case 
study analysis relies on theoretical propositions in that it uses as its basis data 
provided by the propositions (2.6.5) and the hypothetical map. But this data requires 
the researcher to develop a case description to define the map as the backdrop against 
which the theory will be investigated. It can be seen therefore that each strand of the 
analysis process follows a different strategy, but essentially comes together as an 
adapted form of `Cross Case Analysis'27. 
4.5.3 Cross Case Analysis Techniques & Methods 
There are four key analysis techniques that may be employed in pursuit of effective 
and reliable cross case analysis: 
" Pattern Matching logic28 compares an empirically based pattern with a predicted 
one. Coinciding patterns help strengthen the internal validity of the analysis and 
are related to the variables of study. 
" Explanation Building is a type of pattern matching where an explanation is built 
about the case in order to analyse the case study data. A phenomenon is 
explained by identifying a set of casual links; unlike the previous form of pattern 
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matching the explanation is developed in an iterative manner similar to refining a 
set of ideas. 
" Time Series Analysis is similar to that used in experiments, changes in events 
within a single variable are traced over time. Often used in conjunction with 
other techniques as most case studies involve some chronological elements. 
" Program Logic Models are a combination of pattern matching and time-series 
analysis useful for explanatory & exploratory case studies. A proposed logic 
model will be ratified (or not) by empirical data resulting from the case study 
analysis. Central to this technique is the existence of repeated cause & effect 
sequences, if these are proven by the data, then a generalised finding can be 
made. 
4.5.3.1. Variables within Pattern Matching 
In many ways the techniques described above all represent a form of pattern 
matching. Pattern matching within case study analysis is likely to hinge around a 
number of variables, these variables may be dependent or independent. Defined as 
the `outcomes' of the case study29, it is against these `variables' that the analysis is 
made. 
Dependent variables do not change across the different case studies. A case study 
based on dependent variables will predict the outcomes, which might be different for 
each study, but based on the same set of variables. The use of dependent variables 
can produce both literal and theoretical replication. Literal replication is found when 
similar case contexts produce similar results, theoretical replication is found where 
there are different case contexts producing different results but for predictable 
reasons. 
The use of Independent variables is based on analysis via the development of rival 
theoretical propositions. This involves a mutually exclusive pattern of variables, 
where the variables thrown up by one explanation cannot be utilised by another 
explanation. Each variable may support different types of characteristics and relate to 
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different events, and may be assessed independently by different measures and 
instruments. 
4.5.4 Selection of analysis methods 
As was discussed in 4.2, the research method employed case studies with a 
combination of exploratory and explanatory characteristics with the nature of the 
overarching research question: 'what do designers need to know? ' suggesting an 
element of exploration and the chronological linking of activities and events within a 
design project, suggesting an element of explanation. Predicting similar results 
across all three cases led to the creation of the hypothetical integration map, therefore 
the case study design followed a technique of literal replication. 
Yin asserts that is imperative that the investigator does everything to ensure that the 
analysis is of high quality. To do this the analysis should30; 
0 "include all the relevant evidence ": this is supplied via the collation framework 
in the form of the case study index, 
0 "include all major rival interpretations": the analysis seeks to establish all the 
issues surrounding the use of a media type, not just those that `fit', 
0 "address the most significant aspect of your case study ": investigating the 
questions when to use, what to use and why to use, within the context of using 
3D digital media as a communication tool within the design process. 
" "bring your own prior, expert knowledge to your case study": with the 
researcher acting as a reflective practitioner, the purpose of the analysis is to 
reveal tacit knowledge. 
In order to make sense of the data for analysis, it is played with according to some of 
the construction techniques suggested by Miles & Huberman31: 
" Putting information into diff Brent arrays. 
" Making a matrix of categories and placing the evidence within such categories. 
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" Creating data displays, flowcharts and other devices for examining the data 
" Tabulating the frequency of different events. 
" Putting information in chronological order or using some other temporal 
scheme. 
Fig. 27 showed how the action research framework is aligned to established case 
study methods, utilising multiple cases to develop a method to enable effective cross 
case analysis. The actual analysis process follows a technique of pattern matching, 
combined with an element of time series analysis. This technique is appropriate as 
patterns of activity within the design process revealed by the case study index can be 
overlaid to establish concurrence across cases. The patterns are matched against the 
dependent variables: when, what and why. `When' in time the design activity 
occurred; `what' type of media was used within the activity; and `why' was that type 
of media used. These variables are consistent across all of the three cases. 
4.5.4.1. The Analysis Variables 
When: describes each discrete stage of the commercial design process as defined by 
the activities carried out within each project. Initially defined for each project, the 
stages are simplified to become common across all studies. Although each case study 
has a slightly different breakdown each stage comprises of a number of common 
elements within each stage. This provides a time line against which the events 
defined by the variables can be established and aligns with the requirements of the 
chronological time-series analysis technique. 
What: describes the media used within each case study. The media types are 
categorised as being either digital or non-digital media types. Full descriptions of 
these media types can be viewed on the CD. Instances of use are only given where 
there is some form of documentary or visual evidence available in the case study 
index to support the claim. 
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Why: describes the reasons why each form of media was used at that particular point 
in the process. Reasons for use were determined through reflection on how these 
media had been used within the context of the research case studies as well as in 
other projects. They were then specifically matched to individual instances of media 
deployment within each discrete stage of the process. A subset of `why', is `who': 
this variable describes the recipients of the communication utilising the media. Such 
recipients may be internal or external; internal recipients refer to those within the 
design team, external to those without. 
4.5.5 The Hypothetical Integration Map 
The hypothetical integration map was created following the completion of the case 
study projects, but prior to the collation of case study data, the writing of the case 
study reports, or analysis of the case study data. The map was created following 
reflection on the case studies as well as other projects that were being carried out in 
the Centre for Industrial Design at the time. Its creation represents the first stage in 
cross case analysis utilising a pattern matching technique where an empirically based 
pattern is compared with a predicted one32. 
Defined through reflection on contemporary events, and developed over a series of 
iterations, this hypothetical map represents a 2D diagrammatical snapshot of the 
view within the CflD as to how 3D digital modelling media was being used and 
integrated into the Centre's design practice. The following section briefly 
summarises the development of this hypothetical map, a fuller description of its 
creation and development, including pictorial references, can be found on the CD. 
4.5.5.1. The development of the hypothetical integration map T 
The Structure of the Map 
The development of the hypothetical map commenced with a series of hand drawn 
descriptors of the CfID design process, this was an attempt to try and extract, through 
a process of peer group discussion and informal reflection on projects, what design 
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activities were carried out and what media were used on a day to day basis. The first 
map: Development Map 1 (see CD) illustrated the movement of an idea through the 
design process, the second: Development Map 2 (see CD) formalised the Centre's 
commercial design process, which was then simplified to a third iteration: 
Development Map 3 (see CD), which presented the design process stages as a time 
line against which media types were arranged. 
A list of all media available within the resource base of the CfID, both digital & non- 
digital was created. A number of reasons were identified relative to the use of each 
individual form of media at any stage in the design process. These reasons included a 
number of communication options, e. g. communication to self/peers, communication 
to client etc. These reasons for use were assigned to each instance of media use set 
against the time line of the CfID design stages. This resulted in the basic form of the 
hypothetical map, illustrated by Fig. 28 (& CD), further development simplified this 
basic map to the simplified map shown in Fig. 29 (& CD) by reducing the design 
process timeline to a series of stage headings with a number of general activity 
attributes applied to each stage. The stage headings used here are those used when 
the hypothetical map was generated; their subsequent development is discussed in 
section 4.5.7.1. 
0 Stage 1: Pre-Design - record / generate 
" Stage 2: Concept Generation - generate / develop / model / evaluate 
" Stage 3: Design Development - develop / model / visualise / evaluate 
" Stage 4: Specification - visualise / specify / evaluate 
Following further refinement, the final form of the hypothetical map (Fig. 30) was 
disseminated to a wider audience via conference and journal papers33. The objective 
was to make an initial assessment of the validity of the map, both in terms of its 
content and structure. 
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Hypothetical dependent variables 
Early in the process of creating this map it had become apparent that there were a 
number of variables (4.5.4.1) against which the results of the reflection would be 
presented. These were considered to be `where', `what' and `why' and are defined in 
the following terms: 
0 `where': represents the time line for the map, the various stages of the 
commercial design process. 
`what': are the types of media that might be used as part of this process. 
" `why': are the reasons for using these media at various points along the time line. 
A subset of `why' is `who', these are the recipients of communication utilising 
these media. 
Alternative hypothetical structures 
Following the creation of the map, a number of exploratory exercises were 
undertaken to map the variables against each other, independent of the time line. The 
objective of these Distribution Maps was to obtain a clearer insight into the findings 
of the reflection on the case studies. The premise was that through simplification of 
the viewpoint, findings relative to the use of media may be revealed. However it was 
found that this was not the case, simplifying the view merely over simplified events 
to the point that what the maps showed was essentially just a form of received 
wisdom - they did not reveal anything new. A description of these distribution maps 
can be found in Appendix 2.6. 
4.5.5.2. Outcomes 
Following the creation of the hypothetical map, it was possible to see some patterns 
emerging regarding the strengths and weaknesses of 3D digital modelling media 
when used within the design process. These patterns became increasingly apparent as 
the hypothetical map developed, and were revealed through the cross mapping of the 
hypothetical dependent variables. 
128 
The strengths of digital technology appear to lie in its benefit to design activities 
such as Design Validation: providing the ability to interrogate all aspects of the 
digital model before it is built; Design Editing: ranging from changing colour or 
materials to making detail modifications; Specification: enabling the generation of 
3D files for model-making, prototyping or tool-making, with the associated 
production of 2D output; Prototyping: the production of accurate working models 
from computer data, Communication: from the use of interactive `on-screen' models 
to provide a focus for discussion with peers, to the use of `photo-realistic' imagery 
and animation to convince clients and potential customers of the validity of the 
design solution. 
On the other hand digital technology does have a number of weaknesses, it can be 
Restrictive: lack of user skill or flexibility in modelling tools can lead to a loss of 
design quality where the computer drives the design, rather than vice versa; Time 
Consuming: building computer models can take some considerable time, as using 
them efficiently requires an understanding of the advantages and disadvantages 
associated with their use; Integrity of model: the model must be built in such a way 
as to allow future flexibility; Lack of Sensory Feedback: one cannot touch, feel or 
hold the model; Processing Power: especially in areas such as animation, a lack of 
processing power can compromise what one can afford to communicate. 
As a result of this a number of tentative conclusions were drawn: 
" Computers are ideally suited to specific, well-defined tasks. It may be 
inappropriate to use 3D CAD as if it were a blank sheet of paper. 
" Digital technologies do not provide a panacea for design practice. The use of 
media is context specific, i. e. it depends on the nature and demands of the 
individual design project. 
" Digital technologies are better suited to the latter stages of the design process, 
when more parameters are in place and creativity is not so important3a 
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" Digital technologies do not replace traditional media; instead they work together 
to provide a comprehensive design and communication resource. 
The dissemination of the hypothetical map through papers and conferences showed 
that many of the conclusions were essentially no more than received wisdom on the 
use of 3D digital technologies within the industrial design process. A more rigorous 
approach was required to fully explore the form that the heuristic map might take and 
the factors affecting the integration of 3D digital modelling media into the design 
process. The question of 'what do designers need to know' had been only partially 
answered. 
4.5.6 Cross Case Analysis 
The case study analysis followed a rigorous process which mapped the use of media 
in terms of the dependent variables defined in 4.5.4.1: `when', `what' and `why'. In 
the first instance this was done within the context of each individual case study. The 
data was then layered to establish congruence across the three cases, a process of 
Cross Case Analysis. The detailed analysis of case study results that follow is based 
on the pattern matching technique described previously in 4.5.3. Prior to the cross 
case analysis process however, the information provided by the case studies must be 
organised in such a way to enable cross case analysis to take place. This is achieved 
through the definition of first individual, and then simplified individual case study 
analysis maps. 
4.5.6.1. Individual Case Studies - detailed analysis 
The first step in the cross case analysis process is to define individual detailed case 
study analysis maps. This is done in accordance with a process designed to extract 
specific information related to the use of both traditional and digital media from the 
case studies. An example of the first stage of the analysis map can be seen in Fig. 31, 
which also illustrates the application of the definition process described below. The 
complete individual maps created for all the case studies can be found on the CD. 
The individual analysis maps are defined according to the following process: 
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1. Identify the design process stages for the project 
2. Identify the general process model that the design project team, including the 
researcher, followed within the context of the design process stages. This is 
derived from the index of each case study; this identifies how each of the projects 
was run and the chronological pattern of events. 
3. Identify the forms of visual communication in terms of media type that was used 
during each of these discrete stages. 
4. Identify the reasons for using these forms of communication. 
5. Identify the recipients of these forms of communication. 
4.5.6.2. Individual Case Study - simplified analysis 
In their basic form the individual analysis maps are too complex to be incorporated 
into the cross case analysis. They must first be simplified so that only the relevant 
information is displayed; this is achieved via the following process: 
1. Replace individual design process models with a generic process model 
2. Group the instances of media use within each discrete stage. 
3. Group the reasons for use relating to the media type within each discreet stage. 
Fig. 32 shows the simplified analysis map illustrating the implementation of the 
processes described above. All the simplified maps can be viewed on the CD. 
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Fig. 31. Stage I of the Bi-liquid mixing system individual detailed analysis map 
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Fig. 32. Stage I of the Bi-liquid mixing system simplified analysis map 
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4.5.6.3. Cross Case Analysis - the cross case map 0 The reduction of data from each of the case studies into the form of a simplified map 
as shown above enables the process of cross case analysis (CCA) to take place. The 
layering protocol for the CCA essentially follows a process of `scoring' which 
determines whether or not an individual element such as a media type and its 
associated reason for use will be shown on the final CCA map. 
A reductionist approach was taken as it was felt that this would remove anomalous 
incidences of use. However, it can be seen in hindsight that over such as small case 
study selection, a combined, more inclusive approach may have been more 
appropriate. Media types are considered for inclusion in the global map discretely 
within each design stage. Inclusion in the final CCA map is determined via a process 
of scoring, using data derived from the simplified maps. The objective of the scoring 
system is to establish the concurrence of events across the three case studies. For 
example, as illustrated in Fig. 33, each incidence of a media type within a design 
stage scores a single point, so if there is an incidence of sketching in stage 1 of all of 
the three case studies, then `sketch', scores 3 points and `draw' also scores 3 points. 
Stage 1: Problem Definition - Concept Generation 
Score 1 
Score I 
DRAW ýýý 
C 
C< 
Score 1 
CSI: Mixing System CS2: Soulsgil CS3: Media 
Fig. 33. Scoring system from simplified maps 
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The intention of the scoring system is to reach a decision as to which forms of media 
are used within the context of each task. Three spreadsheets collect these scores for 
each variable within the cross case analysis. The first spreadsheet identifies instances 
of the variable `what', comprising the media types (such as `sketch' and `draw') 
within the stages. The spreadsheet collects the scores for instances within both the 
detailed and simplified maps, this is illustrated in Fig. 34: 
CROSS CASE ANALYSIS -detailed 
Inwinw"rs of 'sketch' t 'ii-mv 
recorvkdfrom drhuled maps 
Variable 1: Media Type - VMMAT 
Media Type 
Inn7iuirrs qf 'sAtteh' S. ''b anu'. 
rMorvbdfrom simpl9ird maps 
Stage 1 Stage 2 Stage 3 
Stage 1 Instances Stage 2 Instances Stage 3 Instances 
Non-Digital Digital Instances Simplified Instances Simplified Instances Simplified 
Sketch & Draw " 12 6 4 3 63 
Presentation Illustration " 5 3 2 2 00 
Technical Drawing " 3 1 0 0 31 
Sketch Model " 4 2 5 2 00 
Prototype " 0 0 0 0 32 
Appearance Model " 1 1 2 2 00 
Presentation Illustration " 0 0 0 0 11 
2D Technical Drawing " 0 0 3 2 52 
3D Technical Drawing " 0 0 0 0 62 
Non-Spec. Virtual Model " 3 2 3 2 42 
Spec. Virtual Model " 0 0 4 2 62 
Computer Visualisation " 2 2 2 2 22 
3D Animation " 0 0 1 1 11 
Prototype 0 0 0 0 0 31 
Fig. 34. A spreadsheet collects data re. instances of media. 
A second spreadsheet identifies instances of the variable `why', comprising the 
reasons for use (such as `record ideas'). The third spreadsheet records instances of 
`why', comprising the type of communication (such as `communicate with 
self/peers), all spreadsheets comply with the same scoring system. All of the CCA 
spreadsheets can be found on the CD. 
In order to collate the final map, the data provided on all three spreadsheets was 
simplified according to the following process: 
1. Remove all instances in all variables with a zero score for the simplified and/or 
detailed maps, illustrated by Fig. 35 below: 
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CROSS CASE ANALYSIS - detailed 
Variable 1: Media Type - WMAT 
Media Type 
Sketch & Draw 
Presentation Illustration 
Technical Drawing 
Sketch Model 
Prototype 
Appearance Model 
Presentation Illustration 
2D Technical Drawing 
3D Technical Drawing 
Non-Spec. Virtual Model 
Spec. Virtual Model 
Computer Visualisation 
3D Animation 
Prototype 
Rein in v all rmltou ei with a, oo 4ruit" 
Stage I Stage 2 Stage 3 
Stage 1 Instances Stage 2 Instances Stage 3 Instances 
Non-Digital Digital Instances Simplified Instances Simplified Instances Simplified 
" 12 6 4 3 6 3 
" 5 3 2 2 ý( X 
" 3 1 3 1 
" 4 2 6 2 x x 
" x x x %C 3 2 
" , , 2 2 x x 
" x x x x , " x 3 2 5 2 
" x x x 6 2 
" 3 2 3 2 4 2 
" x x 4 2 5 2 
" 2 2 2 2 2 2 
" x 1 1 1 1 
" /1 /1 
x 
/1 3 1 
Fig. 35. Refining the CCA data: Step 1 
2. Remove all instances of use where both the detailed & simplified score are 
: 51. Where the simplified score is 1, but the detailed score is >_2, the instance may 
remain, illustrated by Fig. 36 below: 
CROSS CASE ANALYSIS -detailed 
Variable 1: Media Type - M-IAT 
Media Type 
Sketch & Draw 
Presentation Illustration 
Technical Drawing 
Sketch Model 
Prototype 
Appearance Model 
Presentation illustration 
2D Technical Drawing 
3D Technical Drawing 
Non-Spec. Virtual Model 
Spec. Virtual Model 
Computer Visualisation 
3D Animation 
Prototype 
If here the simplified score is 1, Rnnove all instrnºcrs »fiere the but the detail scort is 1, 
sl np> ed f detail score are 1 the instawe mat" remain 
Stage 1 Stage 2 Stage 3 
Stage 1 Instances Stage 2 Instances Stage 3 Instances 
Non-Di gital Digital Instances Simplified Instances Simplified Instances Simplified 
" 12 6 436 3 
" 5 3 22 
" 3 1 3 1 
" 4 2 62 
" 3 2 
" %C ý 22 
" x x " 325 2 
" 6 2 
" 3 2 324 2 
" 425 2 
" 2 2 222 2 
xx xV xv 
Fig. 36. Refining the CCA data: Step 2. 
Executing this process for all the data recorded in the spreadsheets establishes the 
concurrence of the instances for all of the three dependent variables: `when', `what' 
and `why'. With the data for each of the variables in place, a core cross case analysis 
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map (Fig. 37) can be constructed which reflects the layering of the data from the 
three case studies (the full combined CCA map can be found on the CD). 
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4.5.7 Cross Case Analysis: synthesis & findings 
The key question throughout this thesis has always been: within the context of an 
integrated 3D design environment, `what do designers need to know? ' The objective 
of the cross case analysis has been to define some of the variables affecting the 
decisions taken by the designer as to the employment of communication media 
within the industrial design process, and, to define the characteristics of the media 
that make it appropriate for use within that context or resource set. 
The CCA findings support the development of the final heuristic map by 
synthesising the data into a set of findings from which it will be derived. The 
findings of the CCA cover four main areas: 
" The generalisation of the activities carried out within the design process as a 
series of stage independent design `actions', and a definition of those actions. 
These design actions represent the key activities that occur within the design 
process, independent of chronology. 
The classification of all the different forms of communication under three core 
headings: communication internal, communication external & communication 
extra external. 
" The definition of a set of characteristics pertaining to each form of media within 
each discrete stage of the design process. Each form of media has a set of 
attributes that make it appropriate for use in a certain way at a certain point 
within the design process. These characteristics define these attributes for each 
instance of use. 
" The definition of a `final' CCA map from which the Heuristic Map for Digitally 
Integrated Design will be derived. 
In order that the CCA be used to support the creation of a heuristic map for digitally 
integrated design, the core CCA map must be synthesised to create a coherent set of 
findings that will serve to conclude this thesis. As it is shown in Fig. 37, the core 
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CCA map is still dependent on a timeline. In order to more accurately reflect the 
iterative and cyclical nature of practice 35, it is necessary that the constraint of the 
time-line be removed. First of all, the CCA data will be rendered time-line 
independent through the creation of a series of design actions, then the act of 
communication will be generalised to three categories, and finally a range of 
characteristics will be defined and allocated to the media types. 
4.5.7.1. Adopting an appropriate design process model 
Part of the process of research has been in the adoption of an appropriate design 
model; this serves to establish a form of design process, the main elements of which 
create the landmarks, or entry points for the heuristic map. In section 2.3 a cross 
section of design models are described, ranging from the prescriptive models of 
Archer36 & Jones37, through the descriptive models of Cross38 & French39, to the 
cyclic theories of Hickling40. It is probably true to say that all of these models would 
claim to have relevance to practice, but do any of them have actual parity with the 
everyday working practices of the industrial designer? 
When the hypothetical integration maps were created, the terminology for the stages 
of the design process within the CflD were defined as: 
" Stage 1: Pre-Design 
" Stage 2: Concept Generation 
" Stage 3: Design Development 
" Stage 4: Specification 
When working within the case studies it was found that stages 1 and 2 were often 
carried out in parallel so these stages were simplified across the three studies to 
conform to a concurring set of chronologically driven stages defining the `typical' 
design process carried out within the CfID. These have been defined as: 
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Stage 1: Problem Definition & Concept Generation 
Stage 2: Design Development 
Stage 3: Specification & Liaison 
As these case studies are based on projects carried out within CflD, it would appear 
to be appropriate to use a `typical' CflD design process as a starting point to create a 
definition, then comparing with alternative constructs of the design process. 
Although these definitions are acceptable for outlining the design process stages for 
client quotations and when reviewing the key development phases of a project, and 
can be seen to contain the key elements of the design process; such chronological 
delineations do not adequately reflect the true nature of the design process, as it 
comprises elements which are both linear and cyclic in nature. The chronological 
description of the design process described above can be seen to have four key 
elements: 
" Problem Definition 
" Concept Generation 
" Design Development 
" Specification & Liaison 
It is accepted that these are the process stages followed within the CflD case studies; 
however, what had to be established was whether these have any parity with the 
design process models created by others. Two models from those reviewed in section 
2.3 can be seen to have some similarities with the four elements defined above. 
French41 describes the design process as being based on the following set of 
activities: 
" Analysis of Problem 
" Conceptual Design 
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" Embodiment of Schemes 
" Detailing 
These elements can be seen to have similarities to the four elements of the whirling 
cyclical model proposed by Hickling42, the four elements of which are: 
" Shaping 
0 Generation 
0 Comparison 
" Choice 
If we put these into a simple matrix (Fig. 38) then it can be seen that whilst they are 
not exactly the same, there are significant elements of congruence between the 
French and Hickling models, which can be translated to the commercial process 
followed by Cf D. The solid lines illustrate the strong congruent links, the dashed the 
weaker ones. 
CfID French Hickling 
Problem Analysis Shaping Definition 
Concept Conceptual Generation Generation Design 
Design 
f ........ Ill. 
Embodiment 
f ........ lo- Comparison Development of Schemes 
Specification f Detailing 4 ........ º Choice & Liaison 
Fig. 38. Matrix illustrating similarities between design process models. 
French starts with an initial statement of `need', followed by an "analysis of 
problem". Hickling defines the activity of `shaping' as asking first 'what is the shape 
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of the problem? ', which is followed by a definition of the problem. These can both be 
seen as similar to the first element of the CflD process: Problem Definition. 
French's `conceptual design', Hickling's `generation' and the CflD's `concept 
generation' are all similar in both description and meaning. All refer to the creation 
of a range of alternative solutions. 
It can then be seen that the U D's `design development' stage is partially congruent 
with French's `embodiment of schemes', which is described thus: "In this phase the 
schemes are worked up in greater detail and, if there is more than one, a final choice 
between them is made. " This appears to also have some similarities with Hickling, 
who describes the product of the comparison phase as comprising a choice element 
"what makes them different? " and resulting in "a set of comparisons and 
preferences ". 
The extent of the final stage of the CflD's commercial process `Specification & 
Liaison' is dependent on the nature and scope of the project. In a project such as the 
Soulagil case study for example, the final deliverable was a specification for costing, 
whereas in the case of the Bi-liquid mixing system project, the requirement was to 
manage the process right through to final mouldings. Although French's `Detailing' 
activity does not immediately appear to refer to the actual making of the end product, 
he notes that: 
"This is the last phase, in which a very large number of small but essential 
points remains to be decided. The quality of this work must be good, 
otherwise delay and expense or even failure will be incurred; computers 
are already reducing the drudgery of this skilled and patient work and 
reducing the chance of errors, and will do so increasingly. "43 
Again, with Hickling, his `choice' phase does not appear immediately to refer 
anything as concrete as production, as with French it does allude to implementation. 
His `choice' is defined as a question "where do we go frý om here ", followed by "a 
decision about policy and action ". 
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The French & Hickling models are from quite different camps. The French model is 
based on engineering principles, and is essentially a linear model with some iterative 
elements; on the other hand, the Hickling model is a whirling cyclic model with no 
linear aspects apart from that of time. Despite being from such different roots, we 
can see that both have some congruence to the design process as it is carried out in 
the Cf D consultancy practice. 
4.5.7.2. The Creation of Design `Actions' 
Decisions have to be made frequently throughout every stage of the design process. 
The types of decisions vary enormously and might be taken by the designer, the 
designer's peers, the client, suppliers, client peers or even the eventual user or 
purchaser of the end product. Some decisions will be taken on the basis of hard facts 
but within the immediate context of the design process itself the majority of 
decisions will be taken on the basis of some form of visual representation, image or 
artefact. These representations, images and artefacts serve to communicate the design 
content and intent to others in a form that the designer believes will best serve the 
decision making process and therefore the successful completion of the design 
process. 
In terms of the industrial designer's decision-making process, the introduction of 3D 
computing to the core resource set has made the selection of communication media 
much more complicated. The analysis procedure described in this chapter starts to 
break down the decision making process in such a way that the factors which affect it 
might be better understood. Throughout the analysis, the process stages defined in 
the previous section have been employed to impose a chronological order on events. 
Chronological accuracy remains important to the analysis but in terms of deriving 
conclusions from the analysis it is appropriate to move away from the specifics of 
what is happening at each stage of the process and to look at the objectives of the 
designer's activity in more general terms. 
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In order to achieve this, the various activities carried out within the design process 
have been grouped into a series of `actions'. The definition for these actions lies both 
in the review of the various models which have been devised to try and explain the 
design process, as well as by looking closely at the activity types carried out within 
the three design consultancies with which the researcher has had personal 
experience: The Centre for Industrial Design (where the case studies were carried 
out), Random Product Design & Alloy Total Product Design. 
Studying one's own design process is inherently subjective. The research therefore 
attempts to find parity between the design process observed and experienced by the 
researcher in a number of consultancy environments, with that of others. It is for this 
reason that it was deemed important to study alternative constructs and models of the 
design process. 
A general correlation was found between the commercial stages defined within this 
research programme, the descriptive design process model defined by French44, and 
the extended whirling model suggested by Hickling45 - although each has a 
substantially different viewpoint, when combined, they have a strong fit to the 
`typical' Cf D design process. Although the three models illustrated represent 
differing thinking as to the abstraction of the design process, the definitions of the 
activities within them are remarkably similar and correlate with the experience of the 
researcher for the definition of core activities. Drawing on the researchers 
experience, the matrix was extended (Fig. 39) to derive a number of design `actions' 
which it is felt best represent the core activities within the design process, 
independent of chronological influence. Some draw directly from the models 
illustrated, others are more derivative, combining elements from a number of models. 
These `actions' determine the design process `model' utilised in the final heuristic 
map. 
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COD French Hickling 
Problem 4 jo. Analysis 4 lo- Shaping º Definition 
Concept 
ýf 
Conceptual 
ýjo. Generation Generation Design 
Design 
f ........ 
Embodiment f ........ Po. Comparison Development of Schemes 
Action 
Analysis 
Conceptual 
Design 
Proposals 
Specification 
f_f Detailing 4 ........ º Choice 
Detailing & 
& Liaison Specification 
Fig. 39. Extended matrix illustrating derivation of design `actions' 
It was then considered how designers might best understand these actions, deriving 
from above what could be terminology understandable to most designers. The 
`actions' were therefore defined as follows: 
1. Analysis 
This design `action' seeks to establish objective evidence with regard to issues 
relating to the design either through the application of judgemental procedures or 
through exposure of the design or issues to outside parties. This analysis action may 
take the form of a technical assessment, general research, be part of an early idea 
generation session, or involve more in-depth activities such as market research or 
peer review. Analysis can therefore take the form of both internal & external activity 
and can occur throughout all stages of the design process. 
2. Conceptual Design 
This design `action' effectively describes the `act' of designing, the creation of a 
vision or design intent. It covers activities such as brainstorming, concept generation 
& development. It can happen within any element of the process although it is much 
more predominant at the formative stages. It is predominantly an internal activity - 
with the externalisation of conceptual design taking the form of `proposals', although 
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sometimes a designer might work in conjunction with an external party to help guide 
the process. 
3. Proposals 
This design `action' effectively represents the tangible results of the design process. 
The action of creating `proposals' externalises the design activity and presents it in a 
form that is communicable to others for guidance, feedback or decision-making. 
Although it is an externalisation of design activity, the action of making `proposals' 
can be internal or external in nature, with proposals being presented internally for 
development or ratification purposes, as well as externally to clients. `Proposals' may 
also take the form of a technical proposal to a supplier or manufacturer, who may be 
the client or a third party. 
4. Detailing & Specification 
This design `action' covers the part of the design process where the basic conceptual 
framework has been agreed but `flesh needs to be put on the bones', detail needs to 
be added to render the design complete. The activities of detailing & specification 
blend almost seamlessly into one another. A designer will detail a design in order to 
create a specification, that specification may then be used for model making, 
prototyping, costing and/or manufacture. The early activity tends to be internal with 
the latter becoming external. 
It can be seen that one or more of these actions can be found within each individual 
stage of the commercial design process. For the purposes of this analysis they are 
adopted as the core design activities providing the context within which decisions 
about communication media are made. 
4.5.7.3. Generalising the forms of communication 
Within the context of the design process there are a range of communication 
activities, these can be defined within three principal groups: 
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Communication internal: communicate with self, communicate with peers. Key 
objectives: to conceive of or develop the design. 
" Communication external: communicate with client, communicate with supplier. 
Key objectives: to communicate the design intent in order that a design decision, 
often between a range of options (client), might be made, communicate 
information in order to receive guidance or quotations, or, to supply specification 
data (supplier). 
" Communication extra external: the client communicating with peers, the client 
communicating with a potential marketplace. Key objectives: to enable the 
primary customer (client) to convince their peers or the outside world that the 
design has merit, principally in terms of commercial viability. 
4.5.7.4. Defining the characteristics of the media 
The ability to define the characteristics of each form of media within the context of 
where it was used in the process is a key step in the development of the final 
heuristic map. In order to help designers find out `what they need to know', the 
designer/researcher must understand what it was about the media that made it useful 
to the designer as a tool for communication. 
As has been previously discussed, the characteristics of the media are defined 
through an investigation of the attributes of that media, when used at various points 
within the design process. The characteristics were defined through a group process, 
reflecting on the way the various media had been utilised across a range of projects 
carried out within the CID (including the case study projects). The group consisted 
of four people, all with differing roles within the organisation, in order to obtain as 
broad a view as possible. All had a design role, but also had another key role. The 
group consisted of the following: 
Nick Devitt: Designer & Business Development Manager 
Kevin Hilton: Designer & IT Manager 
Nina Warburton: Designer & Project Manager 
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Brian Wilson: Designer & Centre Manager 
Dr. Robert Young: Research Supervisor and Research Director 
The group considered each form of media and a range of characteristics were 
applied. This process also served to derive the taxonomy of the media, as there were 
some areas where one media was dependent on another and the boundaries became 
blurred, e. g. 3D modelling and visualisation. The results of this session were then 
collated, the media and characteristics categorised, and the results presented back to 
the group for verification. 
The definition of characteristics followed the definition of `core use' for each form of 
media. In this context, the term `Core use' refers to the principal or regular use for 
employing the media. There may be certain uses that a form of media could be put to 
- but for whatever reason they are not. Such uses would not be described as `Core 
Use'. Each form of media is analysed through these reasons of use in order to define 
the characteristics of the media. The characteristics are therefore limited to those 
made explicit through the completion of case studies carried out within the 
programme. However, it is argued that the characteristics are general enough to have 
relevance to many other areas of industrial design practice. There follows a table Fig. 
40 showing the definition of the general characteristics of media: 
Fig. 40. Characteristics of media 
Media Type: Non-Digital Characteristics 
Sketch & draw Quick 
Exploratory 
Loose 
Approximate 
Generative 
Developmental 
Descriptive 
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Easy to fudge `real issues' 
Presentation illustration Descriptive 
Emotive 
Detailed 
Possible to fudge `real issues' 
Difficult to edit / duplicate 
Non-variable without re-creation 
Technical drawing Tight 
Requires interpretation 
Developmental 
Proportional & dimensional accuracy 
Non-emotive 
Informative 
Realistic 
Detailed 
Difficult to edit / duplicate 
Non-variable without recreation 
Sketch models 3D sketch 
Quick representation of form 
Loose 
Flexible 
Informative 
Editable (to an extent) 
Developmental 
Non-representative materials 
Prototype Developmental 
Functional 
May be aesthetically or non-aesthetically accurate 
Incorporate real components 
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Real scale or accurately scaled 
Appearance models Representative of final product 
Emotive 
Accurate 
Informative 
Representative of final colour, finish, materials & 
graphical intent 
Real scale or accurately scaled 
Media Type: Digital Characteristics 
Presentation illustration Semi-accurate 
Detailed 
Representative of form, finish, materials, colour & 
graphical intent 
Duplicable 
Editable 
Variable - single entity can be the basis for many 
variations without total re-creation 
2D CAD - technical drawing Tight 
Developmental 
Dimensionally accurate 
Specify finish, materials, tolerances & manufacturing 
notes 
Detailed 
Requires Interpretation 
Informative 
Non-emotive 
Realistic 
Inevitable inaccurate in transfer of 3D intent to 2D views 
Requires interpretation by whoever reading drawing 
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3D CAD - technical Derived directly from 3D model, no room for human error 
drawing* in 3D - 2D translation 
Completely accurate 2D representation of 3D definition 
Specify finish, materials, tolerances & manufacturing 
notes 
Detailed 
Informative 
Non-emotive 
Realistic 
Consistent 
Non-specification driven Non-constrained 3D 
virtual model (3D CAD) Flexible 
Editable 
Duplicable 
Informative 
Explicit 
Detailed 
Cannot be used directly as manufacturing data 
Doesn't give an idea of scale 
Cannot touch 
Specification driven virtual Accurate 3D 
model (3D CAD) Engineering & manufacturing accuracy, e. g. draft angles 
etc. 
FEA applications - derive properties, e. g. densities, 
stresses, volumes etc. 
WYSIWYG (what you see is what you get) 
Explicit 
Precise 
Constrained 
Parametric 
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Informative 
Detailed 
Editable 
Duplicable 
Computer visualisation * Needs 3D model as a basis 
Time consuming 
Representative 
Highly informative 
Glamorous 
Can be as realistic or non-realistic as required 
Duplicable 
Editable 
Infinitely variable 
Accurate representation of materials and finish 
3D computer animation * Time consuming 
Needs 3D model as basis 
Informative 
Glamorous 
Duplicable 
Can be as realistic or non-realistic as required 
Data heavy 
prototype* Needs 3D model as basis 
Accurate physical representation of 3D virtual model 
Quick 
Mimics reality 
Duplicable 
Informative 
No `fudging' 
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4.5.7.5. The Final CCA Map 
The characteristics of each form of media were then assessed for each incidence of 
communication within the individual case studies and the appropriate characteristic 
elements applied to each individual case study analysis map. The characteristics for 
each form of media within each discrete stage were then grouped for application to 
the more general Cross Case Analysis (CCA) map. A `characteristics' column is 
added to the analysis to complete the `final' CCA map. Although the design process 
stages have been replaced by the design actions, the final CCA map is still divided 
into a series of stages, this is to ensure that all the data required for the Heuristic Map 
for Digitally Integrated Design are represented. The complete final CCA map can be 
found on the CD, an example of it is shown in Fig. 41. 
These `media characteristics', derived through synthesis of the `core use' data, will 
serve to form the basis for arguments with respect to the integration of 3D digital 
modelling media within the final heuristic map. 
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Chapter 5: The Heuristic Map 
"heuristic - adj. Allowing or assisting to discover 
map - n. a diagrammatic representation of a route " 
The Concise Oxford Dictionary, eighth ed., 1990. 
158 
5.0 THE HEURISTIC MAP 
5.1 Introduction 
The heuristic map determines the tangible outcomes of this research programme. A 
Heuristic Map for Digitally Integrated Design is presented in the form of an 
interactive `site'', published on the UNN website (for peer review purposes), as well 
as on the CD accompanying this thesis. Presenting the map in this way suggests a 
method by which the tangible and hopefully useful outcomes of this research 
programme can be disseminated to the wider design community. The map offers the 
results of an investigation into the use of 3D digital modelling media within the 
industrial design process, carried out through the execution and analysis of three case 
studies at the Centre for Industrial Design. It also accommodates reflections upon 
insights made during the researcher's further employment at Random Product Design 
and currently as a Director of Alloy Total Product Design. 
5.2 A Heuristic Map for Digitally Integrated Design 
Part of the conclusions to this investigation: `an investigation into the impact of 3D 
digital modelling media on industrial designers' internal and external modes of 
communication', will consist of recommendations for how 3D digital modelling and 
its associated media might be incorporated into the everyday working practices of the 
industrial designer. There have been a number of key questions that the research 
programme has sought to clarify: 
9 How can industrial designers integrate 3D digital media into their design 
process? 
i Site: see Glossary 
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" How can industrial designers use 3D digital media to communicate more 
effectively within their design process? 
" When do industrial designers use 3D digital media to communicate within their 
design process? 
" Why do industrial designers use 3D digital media to communicate within their 
design process? 
9 What does this tell us about the impact that 3D digital technologies are having on 
communication within and therefore the execution of design projects? 
The central theme of this thesis is appropriate communication, with the premise that 
within the design process, communication is central to decision-making and therefore 
appropriate communication is central to effective decision-making. 
3D digital media or any other media within the design process is used in order to 
communicate a thought, action or decision or finding related to the artefact or entity 
being designed and/or the process of its design. This is especially pertinent to a thesis 
focused on the issues and factors surrounding the appropriate use of such media 
within an industrial design context. The appropriate communication of the 
conclusions has, therefore, always been a key consideration of the thesis. So, what 
method is the most appropriate and what factors affect the appropriateness of the 
method? 
5.2.1 A model or a map? 
Throughout this programme there has been an objective to create some form of `tool' 
or `technique' which might assist the industrial designer's understanding of the use 
or potential use of 3D digital modelling media within his or her practice. 
Early in the research programme, references were made to a Heuristic `model' for 
digitally integrated design. However this would suggest an outcome abstracted from 
the design process, a theoretical construct created from the findings of research 
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observation. The execution of the case studies enabled the construction of a 
hypothetical model, latterly referred to as a `hypothetical integration map' (4.5.5). 
An improved understanding of the issues, through feedback from peers following 
presentation of this `model' to others via papers and conferences', made it clear that 
what was being presented was not a model, it was not an abstract construct; what was 
being presented was much more analogous to a map. 
The analogy of a map is appropriate for a number of reasons: 
9 Recording and analysing the case study data is a process of `mapping' the 
activities, decisions and actions taken within the execution of each of the case 
study design projects. 
"A map can illustrate the range of potential routes to a variety of destinations; 
similarly within a design project there are a range of strategies and tactics, which 
may be employed in order to meet design objectives. 
" Maps can provide information on the types of obstacles and landmarks one 
might encounter when following a particular route. Similarly, when one is 
following a particular route through a design problem, a map may help the 
designer to see where the obstacles are, and finds ways around them, or 
recognise landmarks which maybe helpful in understanding the design context. 
The map analogy can therefore be seen as an appropriate technique by which 
information related to the use of 3D digital modelling media might be imparted 
successfully to industrial designers. 
5.2.2 The Map: Objectives 
The Heuristic Map for Digitally Integrated Design is the tangible outcome formed as 
a result of executing the case studies and is the basis upon which the conclusions to 
the thesis are drawn. The map is created by means of analysing the activities carried 
out during the execution of the case studies. The results of this analysis are 
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synthesised in order to generate the Heuristic Map as it is presented on the 
accompanying CD. The map provides an understanding of how 3D digital 
technologies might be used within the design process as well as providing a tool that 
designers can use to navigate through their own implementation & process. 
Throughout the thesis there has been a recurring question: "relative to the use of 3D 
digital technologies within the industrial design process, what do designers need to 
know? ". The Heuristic Map for Digitally Integrated Design suggests a method by 
which part of that question might be answered. By abstracting the inherently 
chronological activities that a designer carries out into a number of design `actions', 
the industrial designer can pursue a line of enquiry relative to that design action. All 
issues relative to that action should be revealed, without being tied down to a specific 
point in time. The objective of this would be to generate an understanding of the 
characteristics of the tools available and the potential issues surrounding their 
employment. 
The Heuristic Map can therefore be seen as a medium for the synthesis of different 
modes of knowledge, derived from the case studies. The mapping process is used in 
order to provide understanding and tools for the designer working within industrial 
design consultancy practice. It is argued therefore, that the technique (for the 
integration of three dimensional digital modelling media into the industrial design 
process) is through the implementation of the map. 
5.2.3 The Map: Key considerations 
However much looping, iteration, spiralling or cyclical whirling2 occurs within the 
design process all commercial design projects follow some form of timeline. The 
core data for the thesis were based on a series of commercial projects, which 
inherently have a strong chronological aspect to their process. Therefore, to ensure 
the rigour of the cross case analysis, the case study data retained its chronological 
accuracy. However, to generalise the data to industrial design practice required the 
removal of these chronological constraints. 
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The nature of a map is such that the reader can choose where to both start and end a 
journey, entering or leaving the map at any point. The same principles are applied to 
the heuristic map described here. The objective of the map is to provide information 
on the media types available within a specific design activity context. Once the 
media types have been identified, the map provides an insight into the characteristics 
of that medium and potential reasons for using the media type within the chosen 
context. 
The map provides the information about the media type and its associated attributes. 
However these are only useful if the user of the map knows where they want to go. 
The user must therefore understand what type of design activity they are seeking to 
undertake and to whom they seek to communicate, in order to navigate to the 
destination. Navigation is achieved via the selection of design actions; Analysis, 
Conceptual Design, Proposals and Detailing & Specification, and communication 
types; Communication Internal, Communication External and Communication Ex. 
External. 
5.2.4 Format 
The format for the Heuristic Map is that of an interactive site, charting the 
characteristics and reasons for using forms of media as they are utilised within the 
design context. A number of reasons support the site approach as the most 
appropriate medium: 
" The map can be placed on the World Wide Web (WWW)", enabling access to 
interested parties anywhere in the world. This could be for the purposes of peer 
review and/or dissemination to the design and research communities as a whole. 
" The map can be constantly edited, improved and updated to keep it 
contemporary and up to date with new developments in research and technology. 
" WWW: see Glossary 
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0 The information presented by the map is complex and multi layered. The attempt 
to create the initial hypothetical map showed that a 2D approach was a clumsy 
and inadequate medium through which to present such information. Interactive 
in nature, the site approach provides a more appropriate, flexible medium 
through which a large amount of information can be both managed by the creator 
and presented to the reader or user. 
5.3 The Structure of the Map 0 
The map is structured to be as simple as possible to navigate. Navigation choices are 
limited to that which the user needs to make a decision about at that specific point in 
time. It is recommended that this section be read in conjunction with the CD. The 
following diagrams illustrate the basic navigational structure of the map. 
Step 1: Select the design activity you are seeking to carry out. 
Following the introduction, the user is presented with a selection 
of four design actions: analysis, conceptual design, proposals and, 
detailing & specification. 
The selection of a design action takes the user to the next screen. 
Fig. 42. The first step in navigating the map is to select a design action 
Step 2: Select who you are communicating to. 
The user is presented with a selection of three 
communication options: communication internal. 
communication external and, communication 
extra external. 
The selection of a communication type takes the 
user to the next screen. 
Fig. 43. The second step is to select a communication type 
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---. ý, Step 3: Select a media type you wish to investigate 
Communicatioý. 
Media Media Types are split into four distinct categories: 
Non-Digital 2D Media 
Non-Digital 3D Media 
Digital 2D Media 
Merin Digital 3D Media 
Communication: Digital Media are shown in red, Non-Digital Media 
\..,, are shown in green. 
Fig. 44. The third step is to select a media type available for that action and that communication type 
Step 4: Display the Characteristics and Use Summary 
The characteristics & use summaries are the real meat of the map. The characteristics define what 
makes that media appropriate or inappropriate for use within the specific context of use defined by the 
selection of the design action and communication type. The use summary adds weight to this, defining 
pros & cons and looking at why that form of media might be used at that particular time. The 
objective is that these results are informative that others can use them to benchmark or inform their 
own practice. 
Fig. 45. The fourth step displays the Characteristics and Use Summary (illustrated in Fig. 46) 
Fig. 43 - Fig. 45 illustrate the basic core structure of the map. Stepping through the 
process, interrogation of the map starts with an identification of the design `action', 
e. g. 
1. A designer might say: "I want to present my concepts ". They would then choose 
the design action: `Proposals'. 
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3D digital models, both unconstrained and constrained, can be used to support the analysis 
process. They can be used to discuss design feasibility and costing issues with a range of 
In-depth suppliers 3D models provide what might be called a 360 degree'view of the design, 
characteristics 
enabling interrogation of every modelled element In comparison to 2D representations of 
the design, such as 2D technical drawings, they require no representation of the 3D shape 
description by the creator, and no interpretation by the client or supplier. They are significantly superior 
in their ability to communicate the design and avoid ambiguity. Digital models can be 
viewed in a number of ways, on screen, where they can be moved around and interrogated, 
or snapshots can be taken and imported into a digital presentation or printed onto hard 
copy Constrained digital models provide a complete 360 degree' view where all aspects of 
the design are communicated and can be interrogated, including the ability to carry out 
mouldflow and other engineering analysis. This complete picture enables accurate 
assessment of design feasibility as well as costs. 
Catir r ... Id., Nu r id- 
Fig. 46. An example of a Characteristics and Use Summary page within the Heuristic Map 
The definitions as illustrated above are extensive and for reasons of length are not 
described here, the core findings are shown in detail within the context of the 
interactive map itself, and can be found on the accompanying CD. 
These media descriptors define the pros and cons for using each form of media 
within the action context. The relationships between different forms of media are 
discussed in the characteristics description. The benefits of using certain forms of 
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In the Nu-Cidex project, continuous development was mane to the de, iyn uý iC, Ldlamng 
feedback and assessment from manufacturers, as well as following the analysis of rapid 
prototypes. 
2. They would then be presented with the query: `Whom are you communicating 
with? ' They might say: "I want to communicate to my client", they would then 
choose the option: `Communication External'. 
3. They would then be presented with a range of media options, these might include: 
sketches & sketch models, technical drawings & presentation illustrations, 3D 
digital models & visualisations, appearance models & prototypes. 
4. The selection of one of these media types would result in the display of a use 
summary and characteristics associated with the media type. 
In summary, the intention of the map is to help designers, design students and 
potentially, design managers understand how communication might occur within 
these `actions'. The map can be used to explore the methods employed and decisions 
taken, helping to establish contextual & resource factors. One may use the map to 
define the options available when generating concepts, setting out proposals, or 
specifying a product for manufacture. It may be used prior to the activity taking 
place, to get ideas; during the activity, to check that no options are being missed; or 
afterwards, as part of a debriefing or `post mortem' exercise. 
5.3.1 The core results of the heuristic map. 
Following the execution of the formative case studies (2.6.4) a set of propositions 
were made in which it was suggested that a number of factors might affect the 
integration of 3D models into the design process: 
" Integrity versus Flexibility, i. e. the integrity of the construction path may affect 
the future flexibility of the model. 
" Interpretation versus Clarity of Presentation, i. e. the mode or method of 
presentation may affect interpretation of form, finish, complexity and project 
progress. 
" Appropriate use of Model versus Design Development, i. e. the decision to use 
computer modelling may affect the development of that design. 
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" Clarity of Communication versus Decision Making, i. e. decision making may 
be affected by the clarity of communication 
These factors are very specific to the actual creation of 3D digital models, originally 
the main focus of the research study. A focus shift to the use of 3D digital media as a 
communication tool deemed it necessary to establish whether these factors had 
concurrence with practice and consequently any wider relevance to the use of 3D 
digital technologies as a facilitator for communication and decision-making. 
Following the creation of the Hypothetical Integration Map a number of outline 
conclusions were drawn with respect to the strength and weaknesses of 3D digital 
technologies as used within the context of the design process. 3D Digital 
technologies were found to be strong in terms of: 
" Design Editing 
" Design Validation 
" Prototyping 
" Specification 
These rely heavily on the strength of 3D digital technologies as a tool for 
communication, whether that communication is within, or without, the design team. 
They were also found to have a number of significant constraints, primarily: 
" Restrictions due to the skill base 
" Investments in time 
" Model integrity 
9 Lack of sensoryfeedback 
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The tangible results of the map are represented in the form of a number of media 
descriptions, illustrated in Fig. 46. The information presented in these descriptions 
fall under three headings: 
" Reasons for use 
" Characteristics 
" Case examples 
`Reasons for use', are represented by a number of key phrases, which describe the 
use of that media within the context of the design action and the communication type 
being considered, e. g. the reasons for using a constrained 3D digital model during an 
analysis action and communicating externally might be; Component interaction and 
assemblies, Analysis tools, Use to create rapid prototypes; these reasons for use are 
derived directly from the cross case analysis map. 
`Characteristics', are represented by a number of keywords, also taken directly from 
the cross case analysis map. These are the general attributes of that media which 
make it appropriate for use at that particular point in the process, e. g. the keywords 
of the characteristics of a 3D digital model during an analysis action and 
communicating externally might be; Informative, Accurate, Duplicable; and are 
followed by a fuller explanation of the characteristics of the media. 
`Case examples', gives illustrations for the use of the media at the particular point in 
the process. Within this thesis, these case examples are taken only from the three 
case studies, ideally however, future iterations of the map would be broadened to 
accommodate case examples from a range of sources. 
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media within specific contexts are described, as well as any relative hierarchies of 
activity. Also discussed are the various options for media use open to the user, either 
within a single, or a range of media. 
These results represent the first step towards drawing conclusions with respect to the 
use of media within the industrial design process. Within the context of the map, all 
media results are described, both traditional and digital. Despite this, the focus of the 
thesis remains on the effect that 3D digital modelling and consequently 3D digital 
modelling media are having on the traditional design process. In order to establish 
this effect it has been necessary to investigate how 3D digital media integrates with 
all the forms of media which might be available for the designer to use. Perhaps then 
distinctions should not be made between non-digital and digital media as such, but 
between the media derived as a result of the use of 3D modelling, and other forms of 
media. That being said, what wider conclusions can be drawn with respect to the use 
of 3D digital technologies as a tool for communication with respect to both the 
propositions and the map results? 
Used in the correct way, 3D CAD can provide a core digital resource for industrial 
designers. However, skill in using the software, knowledge of the potential of, and 
limitations of the software and an understanding of the process involved in building 
digital models are essential. Such an understanding is not only essential in the direct 
management of the digital resource but in the management of that resource as an 
integral part of the design project. 
3D CAD is a tool that allows designers to express their creativity; it allows the 
exploration of form and spatial awareness to a degree that may have been impossible 
by other means. It provides a level of accurate visual feedback invaluable to the 
essential communication processes contributing to the development of a design 
between the designer and themselves and the designer and their peers. It is a vital 
tool for the communication and understanding of 3D form. 
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3D CAD has given industrial designers more power over the process, accompanied 
by a stronger sense of responsibility but also a higher workload. Creating data that is 
to be used directly for tooling makes the designer more responsible for the end 
product, requiring them to be absolutely sure that the data is correct. It also gives 
them more work to do, as designers using 3D CAD for tooling have a greater 
involvement later in the process. 
3D CAD enables the creation of a range of 3D Digital Media. 3D media provides a 
far richer form of communication than 2D media. Once a 3D model is created it can 
provide a range of universal deliverables that enable communication to all parties 
relevant to the process. These universal deliverables can take a range of forms, from 
viewing and interrogating a 3D model on screen in an informal manner, through to 
the creation of photo-realistic images of a product to be used to convince a client or 
other party as to the viability of the proposal, to providing accurate data ready for 
manufacturing direct to engineers or tool-makers for analysis or the production of 
tools. This range of universal deliverables is an invaluable addition to the arsenal of 
the modern industrial design practice. 
All software has limits and not all 3D software can provide the whole gamut of 
capabilities summarised above, however if we look at 3D in terms of its `potential' 
for communication, we can see that 3D digital media has significantly greater 
`communication potential', than any of the traditional media or even 2D digital 
media. For the foreseeable future it can be seen that some traditional forms of 
communication such as sketching and sketch modelling remain essential, quick and 
useful tools ideal for matching the speed of the thinking processes of the industrial 
designer. Sketches are quick to create, the feedback that they give is short lived, they 
are used and discarded and the designer moves on, one might then say that they have 
a low `communication potential'. On the other hand, although the time taken to 
create a 3D CAD model is much longer than the time taken to create a sketch, it is 
continually editable, modifiable and duplicable, and offers a wide range of 
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deliverables. It might then be said that the `communication potential' of a 3D CAD 
model is very high. 
In 1992, during the embryonic stages of this programme, there was significant 
concern that in ten years time 3D technologies would have changed so much that any 
study with that as its focus would be obsolete, this has not been the case, although 
there have undoubtedly been changes; the software has become more sophisticated, 
usable and refined, with more options than ever of which one to use. But in the 
researcher's experience, working within an integrated 3D CAD environment within 
three companies, the fundamental reasons for using it and the decisions regarding its 
use have not altered by any significant degree. There are always new technologies 
raising new challenges, but in essence the core strategies for the use of 3D CAD and 
its associated technologies appear to remain remarkably unchanged. 
This may be partially explained by the fact that although 3D CAD is now effectively 
an industry standard within industrial design, tool making and manufacturing, there 
are still some industrial design consultancies that still do not have a 3D CAD 
resource. Further, many of those that do have it, are using unconstrained modellers 
such as Alias, which cannot be used to specify directly for manufacture, the use of 
3D CAD is therefore ending at the creation of a pretty picture, rather than directly 
usable data. 
5.3.2 Peer Review 
The map was given an element of external assessment by undertaking an external 
review by the researcher's peers, both within the academic and commercial design 
worlds. The limitations of the map are acknowledged and expressed later in this 
chapter. Part of the objective of presenting the map as a site is to enable this peer 
review in order to establish a minimum level of objectivity. Concerns as to the 
potentially subjective nature of case study research material are well documented 3 
externalisation is necessary in order to build on the objectivity established through 
the use of the case study analysis techniques. The peer review was enabled via the 
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Internet, through placement of the map on the UNN website, subscribers to a number 
of industrial design discussion lists"' were invited to view and comment on the map. 
A short on line questionnaire was provided to formalise the feedback. 
The website route was appropriate as the time pressures on the researcher are 
considerable (the demands of being a director of a design consultancy), leaving little 
time available to carry out peer review on an involved and personal level. With the 
researcher also an active design practitioner within a commercially driven design 
consultancy, it was recognised that there might be a significant confidentiality barrier 
in talking directly to designers from other consultancies about their process. It is 
believed that the ability to comment anonymously and remotely overcomes the 
majority of these confidentiality issues. 
53.2.1. Qualifications 
The peer review is intended only as a receptivity check for the map. The principal 
intention to determine a peer group response so that its basic validity might be 
determined and suggestions made as to its improvement and future development. The 
peer review and questionnaire were essentially a means of obtaining quick, informal 
feedback that would give a first impression of how these sort of findings might be 
viewed by the design profession. 
The request for reviewers was made through three email discussion lists: IDForum, 
the Design Research Society Discussion List and the PhD-Design Discussion List. 
As respondents replied directly, it is impossible to tell from which of these lists the 
responses came. Some reviewers were also contacted directly, however, the short 
timescale did not allow time to follow-up reviewers who did not respond 
immediately. 
iii Discussion lists: see Glossary 
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5.3.2.2. Feedback 
The review obtained 10 responses, which, when considering the time available, was a 
good response. The questionnaire was sent out and responded to via email. 
There were some criticisms of the map, many of which have already been made by 
the researcher. There was a concern that perhaps the data needed to be a little more 
contemporary, and should include the more recent developments in 3D software, new 
media technologies and hybrid 2D/3D technologies such Studio Paint (a digital 
sketching package). It is accepted that with more development the map could become 
a much more sophisticated and intuitive tool, perhaps incorporating hot links to new 
and emerging websites. There was also some criticism of the graphical 
representation, one respondent not understanding the different graphical 
representations for traditional and digital media; some respondents did not 
immediately find the help site. These are concerns that the researcher shares and are 
issues that could undoubtedly be resolved with further development. 
The responders came from a good cross section of the design profession and included 
academics/researchers, practitioners and design managers, no students responded. 
Most respondents found the map relatively easy to navigate and all had positive 
comments to make regarding its contribution to design knowledge. All of the 
reviewers had some experience of using 3D CAD. Two of the respondents though 
that the map had relevance to commercial design practice, but by far the overall 
consensus of opinion was that the map had very strong relevance to students or 
designers just starting out. It was felt that it provided a good basis for understanding 
design practice and why, when and where the various tools might be used. Three of 
the respondents suggested that they could see a use for the map directly as a teaching 
tool. 
5.3.2.3. Findings 
In all, the response to the map was very positive, it was generally viewed as a 
positive means by which to communicate the information and a valid way of 
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disseminating research. Although considered, the teaching aspect had not been a key 
part of the original intention but is a welcome result. If this research can help to 
understand the use of digital tools and presents a means by which such information 
can be presented, then this provides a platform for further investigation and 
development by others. More work would certainly need to be done to establish how 
to provide a tool that was of greater use to practicing designers. 
Some suggested scenarios for use therefore might be: 
"A student wanting to learn more about how the digitally integrated design 
process operates. 
"A designer working within a new project context, e. g. working in an area they 
have no previous experience in. 
9A designer has just learned how to use a 3D CAD tool and wants to see how it 
might be used. 
"A designer wants to look at their process and validate it. 
9A designer or design manager comes into contact with 3D CAD for the first 
time. 
1 WARBURTON, N. Digital Integration & Designer Tactics. CADE Postgraduate 
Conference, Coventry University, March 26,1996. WARBURTON, N. A Heuristic 
Model for Digitally Integrated Design, in Co Design Journal, 07.08.09,1996, p. 22- 
27. 
2 HICKLING, A. Beyond a linear iterative process?, in `Changing Design', (Eds. ) B. 
Evans, J. A. Powell, R. J Talbot, Wiley, 1992. 
3 WALKER, R. Three good reasons for not doing case study research. Paper 
presented at the annual meeting of the British Education Research Association at 
Crewe and Alsager College of Education, Cheshire, September 1981., & MILES, M. 
Qualitative data as an attractive nuisance: The problem of analysis, in Administrative 
Science Quarterly, 24,590-60 1, cited in: STAKE, R. The Art of Case Study 
Research, Sage, 1995, p. 45. 
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Ce-T hapter 6: Conclusions 
"I want us all to find better ways to engage in productive collaboration 
and enhance our design capability with new media by enabling the 
creative use of digital tools. " 
Mark Von Wodtke, Design with Digital Tools, McGraw-Hill, 1999, p. xi. 
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6.0 CONCLUSIONS 
6.1 Introduction 
As the title: `An investigation into the impact of 3D digital modelling media on 
industrial designers' internal and external modes of communication 't suggests, this 
thesis has studied the effect that the introduction of 3D digital modelling has had on 
the way industrial designers communicate. The inclusion of 3D digital modelling 
into the designer's toolset has enabled a whole range of new media to become 
available. This thesis investigates how these media have affected the way in which 
designers communicate, both internally within the design team, and externally to 
clients, suppliers and others. It has also looked at how it has affected the way others 
communicate externally to the designer, e. g. client to client peers, or client to 
potential marketplace. 
The conclusions of the thesis essentially fall into three parts. The first part looks at 
the original research questions and objectives, and assesses how well they have been 
answered in terms of what the heuristic map tells us. The second part comprises of a 
reflection on the research process, before going on to discuss the contribution of such 
a process to the advancement of practice. Finally, the thesis will show how these 
elements of the study have made an original contribution to knowledge, with a clear 
statement as to that contribution. A postscript to this identifies the limitations of the 
map as well as the investigation as a whole and is followed by an identification of 
further work. 
The aim of the research investigation was to: 
" Propose tactics for the integration of 3D digital media into the industrial design 
process. 
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This had the associated objective: 
" Propose a model for the integration of 3D digital media into the potential 
development paths through the design process. 
The aim and objective were defined in order to answer the research questions: 
" How can industrial designers integrate 3D digital media into their design 
process? 
" How can industrial designers use 3D digital media to communicate more 
effectively within their design process? 
" When do industrial designers use 3D digital media to communicate within their 
design process? 
" Why do industrial designers use 3D digital media to communicate within their 
design process? 
" What does this tell us about the impact that 3D digital technologies are having 
on communication within the design process and therefore the execution of 
design projects? 
The completion of the case studies, their analysis and the subsequent synthesis to the 
heuristic map have sought to establish the answers to these questions, and are 
determined in the following section; what does the map tell us? 
6.2 What does the map tell us? 
It can be argued that the map satisfies the original research aim to, `propose tactics 
for the integration of 3D digital media into the industrial design process', in that the 
creation of the map itself represents the tactical approach to integrating 3D digital 
media with the industrial design process. It is through implementation of the map by 
designers that they will be able to determine the opportunities open to them in terms 
of using 3D digital technologies, seeing the advantages and disadvantages of their 
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use, as well as case examples. These tools give these designers the capability to 
determine their own tactics for application. Further, it can be seen that the creation of 
the map satisfies the associated objective to, propose a model for the integration of 
3D digital media into the potential development paths through the design process'. 
`How can industrial designers integrate 3D digital media into their design 
process? ': Successful integration of 3D digital media into the industrial design 
process requires an understanding of a broad range of factors, including the 
advantages and disadvantages of its use. The use of 3D digital media requires, by 
default, the initial creation of a 3D model. Once the commercial decision to employ 
3D modelling has been made, the designer must understand all the issues raised by 
the propositions: 
" The integrity of the construction path may affect the future flexibility of the 
model. 
" The mode or method of presentation may affect interpretation of form, finish, 
complexity and project progress. 
" The decision to use computer modelling may affect the development of that 
design. 
" Decision-making may be affected by the clarity of communication. 
How can industrial designers use 3D digital media to communicate more effectively 
within their design process?: The use of 3D modelling as a core element within the 
design process allows that 3D model to become a central design database, holding all 
the information regarding the configuration, component interaction and form 
definition of that design. The creation of a 3D model enables the design intent to be 
captured with complete accuracy, as early in the process as is deemed appropriate. 
However, the earlier in the process it is captured, the better the integrity of the model 
must be, as it will require modification as the design is developed. This central 3D 
database then allows the creation of a range of universal deliverables; these 
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deliverables are essentially the 3D digital media that can be created directly or 
indirectly from the 3D model. These media, identified in detail in the map, include: 
photo-realistic visualisation, 2D drawings and specifications, data for tooling, model 
making and rapid prototyping. These deliverables enable designers to communicate 
more effectively with a wide range of people, from a single data source. There is no 
recreation of data in order to communicate in a number of different ways to different 
recipients. 
When do industrial designers use 3D digital media to communicate within their design 
process?: 3D digital media can be used throughout the industrial design process, 
although it is often more prevalent during the latter stages. The evidence presented 
by the map suggests that 3D modelling has a place within all stages. For example: it 
may be used very early to define the exact internal components of a products that the 
designer will then sketch around, that data may well then be the same data that is sent 
to the manufacturer at the specification stage. 
Why do industrial designers use 3D digital media to communicate within their design 
process?: It is a powerful accurate medium through which to communicate the 
design intent. Often, the designer can clearly see in their mind's eye what they are 
seeking to achieve. For instance, sometimes the communication tools offered to us 
by sketches or sketch models do not provide the affordance necessary in order to 
adequately communicate our intentions. A sketch model made by hand from a 
drawing is dependent on the skill of the model maker in terms of its potential to 
communicate the design intent. It is also technically challenging to put accurate 
detail into such a model. However, if a sketch model is cut directly using CNC 
machining from a 3D data file, the model will remain completely accurate to the 
design intent, with the skill factor shifting to the designer's ability to build the model 
exactly as they want it in the virtual, rather than in the physical domain. These forms 
of media can then be used to communicate very powerfully both internally and 
externally. This 3D sketch model can be used initially by the designer to determine 
whether he/she and his/her colleagues are happy with the design. Following this, it 
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can be used as an accurate facsimile of the design to present to the client or perhaps 
to illustrate the form to other suppliers such as toolmakers. 
What does this tell us about the impact that 3D digital technologies are having on 
communication within and therefore the execution of design projects?: The map tells 
us that 3D digital media can truly be integrated with the industrial design process and 
is much more than just an expensive add-on. Design projects are becoming more and 
more reliant on the use of 3D as it is the only sure way to maintain design intent 
throughout the process. It has increased our potential for communication enormously, 
but there are downsides. The introduction of 3D can suggest that the design is finished 
and complete, when in fact it may be far from this. The increased quality of 
communication can give a sense of security, and be very powerful. However, the use 
of 3D modelling has undoubtedly increased the burden of responsibility on the 
designer. Data being used directly for tooling may maintain the design intent, but it 
also means that the designer is responsible for getting that data right. Although the 
time taken to produce a model can be predicted, it is not as predictable as creating 
something by traditional means. There are many things that can go wrong, from 
software and hardware failures, through to errors due to a lack of designer skill. The 
use of 3D modelling can cause the designer to lose the `big picture', so absorbed in 
creating the model and getting every detail right, there can be a loss of understanding 
regarding key issues, affecting the coherence of the design. 
In summary, the main impact is that the designer is doing so much more; the 
designer is at the hub of the 3D design and communication space, acting as a vector 
for all the information concerning the core 3D database. Digital technologies and 
especially 3D digital modelling technologies represent the future for the industrial 
design profession, both for the act of and the communication of design. However it is 
only when they are used intelligently that they have power, and this power is relative 
to the role that a consultancy plays for an organisation or client. Some consultancies 
trade on the benefits to the client of a turnkey approach to product development, 
others, in a commanding position regarding creative design influence expect to arrive 
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at a design specification by a variety of means and often without the use of 3D CAD, 
hoping that their reputation will spur their client to accept their designs. Despite this, 
there is no doubt that these technologies have revolutionised the way we work, 
bearing out Rzevski's statement: 
"We are entering a new type of society, which means that designers will 
have to learn to communicate using digital technology, to design using 
digital technology, to obtain information, and market themselves using 
digital technology. There are a whole set of new skills to be learned, in 
order to be able to enjoy the opportunities that the information society 
offers. s1 
But, design doesn't depend on a formulaic or linear application of a set of digital 
modelling tools, the secret lies in a full and complete understanding of all the issues. 
In the exploration of techniques for the application of 3D technologies, it is believed 
that through the creation of the heuristic map, this research contributes to that 
understanding. Whether communicating to themselves or others, designers have 
always created images or models. They may be mental, physical or virtual, but all are 
tools to help them construct or communicate their concepts, using them to create, 
explore, understand and explain. What the designer faces today is a range of tools 
greater than ever before and they are beginning to find their feet. Designers are 
inherently flexible and experimental, and will make the digital tools fit the way they 
want to work, not the other way round. 
6.3 Reflection on a practice based research programme 
6.3.1 The methodological approach 
Core to the methodological approach has been the experience of the researcher 
reflecting on practice in the commercial context. It is safe to say that there has been a 
considerable amount of post hoc. rationalisation of the methodology as an adapted 
action research method. However, much of the value of this research programme lies 
in its exploration of the use of action research methods in commercial industrial 
design practice. Although the researcher aspired to see ways in which reflective 
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practice could be drawn into the enquiry, commercial pressures meant that the 
reliance had to be on reflection on practice, rather than reflective practice within the 
true action research sense. 
One of the features of taking this approach has been the personal involvement of the 
researcher as a design practitioner with the commercial design projects underpinning 
the core case study material. To allay any concerns as to the potentially subjective 
nature of this involvement, the methods for case study analysis were carefully 
considered in order to maintain as objective a stance as possible. Although the study 
cannot show a true practice diary, a pre-requisite of a true action research 
methodology, the reconstruction of the process was possible using personal and peer 
knowledge, and all data collected as part of being a participant in the process. In 
addition, the use of peer review helps to establish a level of contemporary relevance 
to the findings. The path of evolution of the research design and its relationship to 
Action Research in the context of hectic commercial case studies meant that the 
production of a practice diary to demonstrate the reflective practice element of the 
case studies was not possible. 
On reflection, there are some compelling arguments as to why such a personal 
involvement has been of positive benefit to the research programme, and, why the 
use of reflection on practice has enabled the derivation of the findings presented in 
the thesis. There is no doubt that the result of the research would not have been the 
same if the researcher had not been personally & intimately involved in the case 
study process. The study would not have progressed the cause of integrated 
commercial design research, if a less involved approach had been adopted, or have 
enabled the same understanding or yielded the same set of findings. The arguments 
for personal involvement in the research subject can be made from a number of 
standpoints. 
Design is an intimate and involved activity, where discussions on the design process 
frequently refer to the designer's intuition, i. e. that part of the design process that is 
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most difficult to measure or quantify. Although external controls are applied to the 
design process in the form of client reviews and so on, the process of designing is 
extremely fragmented, involving many activities all happening at once. Designers are 
constantly pulling the fragments together to see if they fit and make a coherent 
whole2. It is only when a designer makes sense of these fragments and fits them 
together that the idea is externalised and made explicit. It is argued that if the 
researcher is observing only the explicit activities of the designer, then only one half 
of the picture is made explicit and therefore able to be observed. Being involved in 
the process enabled the researcher to see the process in its fragmented as well as 
complete form. 
The definition of a methodological framework, which allowed the unhindered 
execution of commercial design projects, whilst enabling them to be the case studies 
in a research study was a key factor of the programme. Gray argues for a more 
integrated approach to practice-led research, research that is driven by and useful to 
practice: 
"Research should not be seen as being in conflict with practitioners' 
methods but an expansion of them. Perhaps separation is futile, as what 
we are trying to do is integrate and synthesise the best aspects of each into 
a critical dialogue, which needs two elements to create it. practice-led 
research is simultaneously generative and reflective. "3 
Contrary to social scientists such as Yin4, this research argues for an approach that is 
participatory, it is argued that it is through active participation that we can truly see 
all aspects of the process and therefore make a more pertinent contribution to 
knowledge for practice. 
Whilst the research process and associated methodologies do not fit within a well 
established tradition, there has been a concerted effort on the part of the researcher to 
determine as much methodological rigour as possible, whilst carrying out research 
within the context of commercial practice. 
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If the study were to be attempted again, in hindsight it would not be carried out in 
quite the same manner. A number of activities would be undertaken to ensure 
refinement of methodological technique and possible create a greater rigour in the 
research process: 
" Now that the utilisation of reflective practice methods for practice based art and 
design research projects has been debated and developed more throughout 
academia, it would be possible to more easily define the methodology for such a 
research project as this in advance, rather than evolving its application 
throughout the study including a process of post hoc. rationalisation. 
Stronger selection criteria would be applied to the choosing of case study 
projects. If projects conformed they would studied until for some reason they no 
longer conformed, this lack of conformity would then be incorporated into the 
research findings. 
"A more concurrent method for recording the reflective cycle within case study 
events would be attempted, possibly through the implementation of more 
effective project records. 
6.3.2 The Value of Practice Based Research 
The ultimate objective of research is to develop theories that will inform practice. 
Whilst the importance of purely academic design research is acknowledged, in the 
researcher's experience, the majority of research findings never even reach the 
practicing designer. Illustrated by recent and vocal debates amongst the design 
community5, despite movements towards a greater acceptance of practice-based 
research, there remains a significant tension between professional practice and 
academic research6. Practicing designers have little time to read research papers and 
in many cases cannot see the relevance of such research to their practice. Unlike 
professions such as law or medicine, designers are often dismissive of the potential 
importance of research to their profession and are often unaware of the rigours 
required to produce valid and useful research. Academics who do not undertake 
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commercial design practice or who have never done so will find it difficult to 
appreciate the commercial pressures faced by the practitioner. Research that might 
have great significance to the practicing designer may never escape the academic 
realm. This may be due to the form of presentation or a perhaps a lack of 
opportunities for more widespread dissemination. 
This thesis argues the case for research that informs practice, it is believed that this is 
absolutely necessary to the development of the design profession. Practitioners and 
academics alike have a responsibility to understand and develop the role of research, 
and this thesis presents one view of a way in which this might be done. 
6.3.3 Validity of the timeframe 
This thesis has taken a long time to complete, approximately eight years. At the start 
the focus of the study on technology was seen to be a significant problem. The belief 
was that by the time the research was complete it would be out of date, and this was 
based on the assumption of the timeframe of a full time study. However, it can be 
seen from the researchers own experience, that many of the core questions remain 
valid, despite changes in technology. 
On reflection, the long timeframe of the programme has actually been beneficial, as 
it has been able to establish a greater validity to the findings. Had the research been 
completed over a much shorter time frame, it may have been possible to dismiss the 
results as transient or completely software dependent. Digital technologies are not 
`fly-by-night' fancies that designers will pick up today and drop tomorrow. The 
introduction of 3D computing has fundamentally changed the way in which 
designers work and a decade after their introduction, designers are still coming to 
terms with their integration with practice. 
6.3.4 Trends in design research 
Design research is still an infant compared to established disciplines within the 
research fields of science and the humanities, where methodological approaches and 
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the relationship between research & practice are firmly established and well 
understood. There is no doubt that design research activity has exploded in the past 
ten years but the focus of attention on methodology and the recurring subject of the 
relationship between research and practice in current design community debates? 
illustrate that rather than having all the answers, more and more questions keep 
opening up. 
There are some significant issues associated with being a practitioner-researcher, 
which may have an implication on the execution of a research programme. The 
following points are based on the personal experience of the researcher as a 
researcher/practitioner both within academia and consultancy practice and are 
specifically relevant to the execution of PhD research. 
Commercial Constraints 
The pace of commercial activity is such that in the majority of instances it will be 
difficult to find time to `research' design projects as they are being carried out. 
Methodologies need to be developed which take account of this and create a research 
`framework' which is sympathetic with project execution. Under standard 
employment conditions, time to attend conferences or carry out research activities 
that are not part of the commercial activities of the employing company is difficult to 
find, even sympathetic employers may find it difficult to justify non fee-paying 
activities. Most designers are committed individuals who work hours far in excess of 
contract; deadlines require a commitment to long hours with little `free' time for 
writing research papers or theses. Out of the academic environment access to 
libraries and the basic tools of research can be problematic. Also, information 
regarding relevant events such as conferences and seminars will not be so apparent. 
Attitude & Education 
Design employers can have very varying attitudes to research. Carrying out research 
within a company with a negative attitude to research could present significant 
problems. Designers might have difficulty seeing the value of research or 
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understanding the rigours and demands of a research programme. It is the 
researcher's profound belief that within current methodological constructs, 
researching design and designing require quite different priorities, making it difficult 
for the researcher to make the switch from one mode of thinking to another, a 
problem exacerbated for designers with no experience of research. It is suggested 
that designers, at the very least, require training in keeping with students of other 
disciplines in research practices and techniques. Friedman argues that adequate 
research training is an essential driver for eventual success in design practices. 
Confidentiality 
Designers are responsible to their clients for confidentiality. Many designers will be 
unwilling to talk about their processes to a designer from a company who they might 
be in competition with. They also may not be able to talk about specific projects until 
some considerable period following the projects completion. 
The issues of appropriate methodologies, commercial constraints, attitudes, 
education and confidentiality are all absolutely core to the design research / design 
practice debate. 
6.3.5 Contribution of the research process to the advancement of practice 
The research programme has provided a valuable contribution to the advancement of 
practice in the following areas: 
" In defining an approach for practice-led research, a method for the elicitation and 
analysis of case study data. Showing that it is possible to carry out research 
within practice, using commercial projects as case studies. 
0 In the definition of issues and problems related to practice-led research. 
9 In the presentation of research results in the form of an interactive map. The map 
represents a technique that designers can employ to find out more about the 
integration of 3D digital media, prior, during, or following implementation of 3D 
digital technologies. 
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" In the definition of a set of core findings relating to the characteristics and use of 
different media types within the context of commercially driven projects. 
" In the acknowledgement that this research does not provide the answers to all the 
questions regarding the integration of 3D digital technologies or in methods for 
practice-led research or in the presentation of research findings to design 
practitioners. But that it does provide a platform upon which other 
designer/researchers might stand and see a better way forward for the execution 
and dissemination of research by and for practice. 
" The dissemination of results via the Internet, ensure that the results are accessible 
by both the research and practice communities, as well as to academia for 
students of design. 
6.4 Contribution to Knowledge 
It can be seen from section 6.2, that the research questions have been answered and 
conclusions regarding the integration of 3D digital media into the industrial design 
process drawn. The contribution to knowledge is apparent in two distinct areas: 
"A heuristic map for digitally integrated design represents the first contribution to 
knowledge. It provides an in depth summary of all the usage issues relative to 
four different aspects of design action: analysis, conceptual design, proposals 
and, detailing and specification, as well as three different types of 
communication: internal, external and extra external. Although only a first draft, 
the map is presented in such a way that makes it accessible to all readers, 
whether they are students, designers, researcher or educators. 
" The second contribution to knowledge is apparent in the way that the research 
programme was carried out. Design research using practice as a resource is not 
uncommon, however, design research within the context of live commercial 
practice is. This programme has adapted a number of methodologies to define a 
method that enables the design process to be recorded free from the concern of 
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the research agenda interfering with the natural progress of the commercial 
design project. 
The research programme has followed the enquiring process of practice-led 
empirical research into art and design. The use of commercial case studies within 
research programmes is inherently problematic but it can provide insights into the 
little revealed world of commercial design practice. The main objective of this 
programme has been to utilise the real everyday practice of design and draw out the 
tacit knowledge and understanding that designers have in order to help other 
designers in the field. The map is intended as a reflection of this everyday activity, 
providing some guidance on the tactical application of digital technologies to the 
industrial design process. 
6.5 Restrictions and limitations 
6.5.1 Current trends in the use of 3D digital technologies 
One of the most important developments since the investigative stage of this study 
was completed has been in the development of 3D modelling software. The software 
used in the case studies described in this thesis were Alias and Pro/Engineer, at the 
time these reflected the state of the art in what have been described here as 
`constrained' and `unconstrained' digital modellers. 
Although Alias & Pro/Engineer are still widely available and widely used, they have 
developed significantly and there are now many more modellers available. These 
include software packages such as Unigraphics, which enable the designer to mix 
the use of surfaces and solids as they are modelling, allowing a mixture of 
constrained or unconstrained modelling within the same software package. In these 
new packages the distinction between constrained and unconstrained becomes 
blurred as the designer's modelling objectives can be achieved within the context of 
i Unigraphics: see Glossary 
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a single modelling environment. A significant quality of 3D modelling capability is 
now being offered within much cheaper software programmes such as Rhino3D". 
Add to this the fact that these software packages can run on much cheaper hardware 
platforms than ever before, and the access to 3D is now much more affordable than it 
was when the investigative phase of this study was underway. 
The focus of the research investigation has always been on the ultimate use of the 
media generated as a consequence of creating a 3D model, rather than on the specific 
act of modelling. Therefore, although the processes to create this 3D model within 
new and developed software packages might be different, the general considerations 
for using its outputs may well be the same. The implications of this to the research 
are that the 3D digital model categories of `constrained' and `unconstrained' 
modelling are no longer contemporaneously accurate and were the map to be 
extended to include contemporary case studies, would have to be modified. 
With the price of established technologies ever decreasing, CNC machines are 
becoming more commonplace and enable a kind of 3D `printing', where the designer 
can evaluate their 3D virtual model by creating a physical facsimile. Further to this, 
there are many developments mainly through the increased use of digital presentation 
packages and the Internet for the purposes of communication; these comprise an area 
of study in their own right. 
Other important developments within the researcher's practice include the use of 
VRML"' where 2D hand drawn or computer-generated renderings are texture 
mapped onto a 3D model, which can then be interacted with. Other developments 
include the combined use of 2D and 3D digital rendering techniques in order to 
create multiple colour options from a single 3D model, much more quickly than by 
rendering the 3D model to the desired colour within the 3D package itself. Other 
I Rhino3D: see Glossary 
w VRML see Glossary 
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commonly used techniques, especially in the automotive sector, involve the use of 
digital sketching tools, where 3D form is simulated, using sketches as a basis1°. This 
is similar in intent to the VRML technique and means that the 3D model can be 
presented to the client much earlier in the development cycle, with much less 
investment in time, showing proposals for detail without actually having to create it"'. 
Technologies such as VRML and Web 3D' also allow the creation of interactive 3D 
simulations and the viewing of digital models concurrently across a number of 
remote sites. In addition, the 3D data models created within the researcher's practice 
are routinely used directly for engineering development and tooling, this is still not 
common practice within most design consultancies. 
In general terms the use of digital technologies, whether it be multimedia 
presentations or the creation of 3D digital models, are becoming more and more 
prevalent throughout practice. It is now the norm that presentations to clients are 
made via the use of a digital projector, virtual models become physical, and that data 
are shipped around the world over the Internet''. Such technologies add significantly 
to the designer's toolset, tools that enable designers to develop designs in a more 
effective and efficient way, with better communication enabling more effective 
decision making. 
6.5.2 Limitations of the Heuristic Map 
This thesis argues that the Heuristic Map for Digitally Integrated Design establishes 
a framework for helping designers understand how 3D digital technologies might be 
applied to the industrial design process. However, it is by no means finished and 
there are significant limitations to the map in its current form: 
" The map has been created on the basis of work carried out within the Centre for 
Industrial Design between 1992 & 1996; the data collected are only specifically 
Such techniques are currently being employed by XPD (a design consultancy, part of the Xpr ss Engineering Group, based in 
Tyne & Wear) in conjunction with VirDev in the USA. 
I Web 3D: see Glossary 
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relevant to that period. Although it is argued that the findings still have 
significant contemporary relevance it is acknowledged that the addition of 
contemporary case studies to the data set would give the map greater credibility. 
" The illustrations used in the map are taken only from the three main research 
case studies. Ideally, future incarnations of the map would include examples 
from different design consultancies and from all areas of design. 
" Due to the timeframe of the period of investigation, the map does not cover all 
media forms that are now currently available, further research would be required 
to determine what these are and their associated characteristics. 
" The map as it is presented here is essentially a first draft, which has been 
exposed to only limited peer review. A full evaluation would have to be 
undertaken to ensure that the map represented a broader view before the map 
could be presented as a usable and workable tool to the wider industrial design 
profession as a whole to use for teaching, practice, research or management 
activities. 
6.5.3 Limitations of the Thesis 
The thesis is restricted to the study of industrial design practice only. The uses of 3D 
computing and digital technology for other disciplines are not within its remit. 
There is a school of thought, which defines a fourth dimension: 4D12, as referring to 
the dynamic, interactive & hypermedia forms of design. The 4D concept could be 
exemplified by, "intelligent buildings, smart products and multimedia systems "13. 
The concept of a fourth dimension can be seen as a further extension of the cross- 
disciplinary nature of the design profession14 and many of its embodiments are 
linked to the initial creation of a 3D data model. The relevance of the concept is 
acknowledged, but not studied within the confines of this thesis. 
The case studies reflect only independent consultancy practice and do not extend to 
industrial design within the corporate environment. The cases cover three design 
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projects, all of which are within the medical field. Although the principal 
investigation is based on these three exemplar projects, they cover a broad base of 
design requirements and the study has drawn in general from many more projects. 
The thesis suggests that the results can be generalised to a broader range of industrial 
design practice, however it is accepted that there would undoubtedly be additional 
findings arising as a result of in depth study into different areas of industrial design. 
The continuation of this study following the researcher's departure from the Centre 
for Industrial Design has had a major influence on the outcomes of the research. 
Following initial difficulties, it became apparent that the experience made a 
significant contribution to the value of the study. The study has therefore spanned 
professional practice in three different consultancies, the knowledge gained in each 
one adding to the knowledge and experience of the researcher. It is believed that this 
contributes to the validity of the findings. 
6.6 Further Work 
Recommended further work would centre mainly on the development of the heuristic 
map. The map as it stands is only a first draft of potentially how such a map might 
appear if it were to be developed for dissemination to the industrial design 
profession. In order to present the map as a truly useful tool for practice it would 
have to undergo significant amounts of further input and evaluation, the following 
development tasks are recommended: 
1. The data presented by the current map should be compared with data from a range 
of contemporary case studies executed within a range of design environments. 
Data would need to be examined from a range of industrial design product types, 
i. e. consumer electronics, furniture, capital goods, nursery products, street 
furniture, sports goods, medical products etc. Incorporating a range of design 
environments, i. e. consultancy or corporate, across a range of technological 
competencies. 
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2. Agreement on terminologies and media descriptors between different design 
groups, i. e. making sure that terminology is commonly acceptable and jargon free. 
3. Evaluation by the research and design community as a whole, evaluation not only 
in terms of content (which would be done via comparison of the data with 
contemporary cases) but in terms of format and presentation media. A 
methodology for the evaluation procedure and data collection and integration 
would have to be devised. 
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GLOSSARY 
3D Go: 3D modelling and animation package. 
Adobe Illustrator7m. Electronic illustration software. 
Adobe Photoshop. Photo & image manipulation software. 
Adobe Premier7m. Moving image compilation and editing software. 
Alias: Now known as Alias/Wavefront. A surface modelling and photo realistic 
rendering package. 
CAD: Computer Aided Design. The act of design, directly assisted by the use of a 
computer. 
CAD/CAM: Computer Aided Design and Manufacture, using computers to facilitate 
direct links between design and tooling and manufacturing facilities. 
CAID: Computer Aided Industrial Design. As above, but specific to the practice of 
Industrial Design. 
CDRS: 3D solid modelling package, developed by Evans & Sutherland. 
CNC: Computer Numerically Controlled. 
Discussion Lists: email based forums for the exchange of views and ideas. 
Euclid: Solid modeller developed by Matra Datavision. 
HTML: Hypertext Mark-up Language -a source code which defines the layout of 
text and graphics on web pages. 
I-DEAS: 3D solid modelling package developed by SDRC (Structural Dynamics 
Research Corporation). 
I-Design: 3D solid modelling package developed by Intergraph. 
Macromedia DirectorTM. Multimedia authoring software. 
Multi-Axis Machining: The machining of a model or tool directly from computer 
data, using machining heads which can cut in a number of axis. 
NT: Microsoft workstation operating system. 
Pro/Engineer: Leading solid modeller developed by Parametric Technologies. 
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Rapid Prototyping: The creation of 3D models & prototypes, using data generated 
from a 3D computer model. 
Rhino3D: A 3D modelling tool (solids & surfaces) based on Non-Uniform Rational 
B-Splines (NURBS). 
Site: This refers to an html document which can be viewed either remotely via the 
world wide web (WWW) or directly using a WWW browser. 
SLA: Stereo Lithographic Apparatus. A rapid prototyping technique whereby a 
3D model is created by curing liquid resin with a laser. 
SLS: Selective Laser Sintering. A rapid prototyping technique whereby a 3D model 
is created by sintering plastic powder with a laser. 
Solid Designer: 3D modelling package. 
Stereo lithography: The process of using SLA as above. 
Unigraphics: 3D surface and solid modelling package developed by EDS. 
UNIX: Shareware workstation operating system. 
VRML: Virtual Reality Mark-up Language -a file format for the viewing of three 
dimensional images. 
Web 3D: The ability to view 3D images interactively on the internet. 
Workstation: In recent years the boundaries between PCs and Workstations have 
become ever more blurred. However it might be classified as a hardware platform 
which exceeds the requirements of a computer for domestic use. The is typically 
characterised by fast/dual processing, large amounts of RAM (in excess of 250MB), 
specialised graphics cards and large amounts of hard disk storage (in excess of 1 GB). 
WWW: World wide web. 
206 
APPENDICES 
to the document 
The Impact of Three Dimensional Digital Modelling 
Media on the Modes of Communication 
used by Industrial Designers 
NINA CHRISTINE WARBURTON 
A thesis submitted in partial fulfilment 
of the requirements of the 
University of Northumbria at Newcastle 
for the degree of 
DOCTOR OF PHILOSOPHY 
School of Design 
University of Northumbria at Newcastle 
November 2001 
TABLE OF CONTENTS 
Contents .............................................................................................................................. i 
List of figures .................................................................................................................... iv 
1.0 FORMATIVE RESEARCH 2 
1.1 Learning / Teaching Process 2 
1.2 Learning Process 2 
1.2.1 Learning Process Worksheets 3 
1.2.2 Learning Process Images 6 
1.2.3 Diagram Cards 9 
1.3 Teaching Process 17 
1.3.1 Teaching Process Worksheets 17 
1.4.2 Formative Case Study 2: Thwaites Breweries 21 
2.0 CASE STUDIES & CASE STUDY ANALYSIS 24 
2.1 Media types 24 
2.2 Case Study 1: Bi-Liquid Mixing System 25 
2.2.1 Documentary Evidence 25 
2.2.1.1. Index 25 
2.2.2 Project Summary 26 
1.4 Formative Case Studies 19 
1.4.1 Formative Case Study 1: Seaward Electronics 19 
1.4.2 Formative Case Studv 2: Thwaites Breweries I)i 
I 
2.2.2.1. Pre-Design Stage 27 
2.2.2.2. Concept Generation Stage '" 28 
2.2.2.3. Design Development Stage 30 
2.2.2.4. Specification Stage 32 
2.2.2.5. Troubleshooting Stage 35 
2.2.3 Process Summary 37 
2.3 Case Study 2. Soulagil 38 
2.3.1 Documentary Evidence 38 
2.3.1.1. Index 38 
2.3.2 Project Summary 38 
2.3.2.1. Pre-Design Stage 40 
2.3.2.2. Concept Generation Stage 41 
2.3.2.3. Design Development Stage 42 
2.3.2.4. Specification Stage 44 
2.3.3 Process Summary 47 
2.4 Case Study 3: Medis 47 
2.4.1 Documentary Evidence 47 
2.4.1.1. Index L. fJ 48 
2.4.2 Project Summary 48 
2.4.2.1. Pre-Design Stage 50 
2.4.2.2. Concept Generation Stage 
' 
51 
2.4.2.3. Design Development Stage 53 
O 
10) 
I1 
2.4.2.4. Specification Stage 55 
2.4.3 Process Summary 57 
2.5 Peer Review 59 
2.5.1 Questionnaire 59 
2.5.2 Questionnaire responses 60 
2.6 Distribution Maps 67 
3.0 PUBLISHED MATERIAL 72 
3.1 A Heuristic Model for Digitally Integrated Design 72 
3.2 Digital Integration & Designer Tactics 84 
111 
LIST OF FIGURES 
Number Page 
Fig. 1. Example of a learning process worksheet .................................................................... 4 
Fig. 2. Example of a learning process worksheet .................................................................... 5 
Fig. 3. Wire-frame view of teasmade base .............................................................................. 6 
Fig. 4. Wire-frame view of main body, storage containers and tea brewer ........................... .7 
Fig. 5. Wire-frame view of teapot ........................................................................................... .7 
Fig. 6. Shaded view of teapot .................................................................................................. .8 
Fig. 7. The final model. Wire-frame view (left) and photo-realistic render (right) ............... .8 
Fig. 8. Introduction card ........................................................................................................... 
9 
Fig. 9. Explaining the software work space ............................................................................. 9 
Fig. 10. Explaining how to open the software ....................................................................... 10 
Fig. 11. Explaining the different elements of the modelling window ................................... 10 
Fig. 12. Explaining various ways of moving and viewing the model ................................... Il 
Fig. 13. Introducing the concept of curves ............................................................................. Il 
Fig. 14. Illustrating that curves and lines are a combined entity ........................................... 12 
Fig. 15. Making curves and lines active and inactive ............................................................ 12 
Fig. 16. Manipulating the curve/line using control points ..................................... 
Fig. 17. Using the mouse to manipulate curves/lines ............................................................ 13 
Fig. 18. Rotating and scaling curves/lines ............................................................................. 14 
Fig. 19. Introducing the concept that the curve/line is the starting point for most 
surfaces ....................................................................................................................... 
14 
Fig. 20. Revolving the curve/line to make a surface ............................................................. 15 
Fig. 21. Building a surface up over two curves/lines ............................................................ 15 
Fig. 22. Building a surface up over multiple curves/lines ......................... 
Fig. 23. Extruding a curve/line to make a surface ................................................................. 16 
Fig. 24. An example of a teaching process worksheet .......................................................... 18 
iv 
Fig. 25. Table illustrating the breakdown of, and abbreviations for, media types used in 
the case study analysis ............................................................................................... 
24 
Fig. 26. Bi-Liquid Mixing System: Case Study Index .......................................................... 26 
...................................... 27 Fig. 27. Final mouldings for Bi-Liquid Mixing System .................. 
Fig. 28. Sketches from the brainstorming session ................................................................. 
28 
Fig. 29. Left & Middle: Boards from Initial Concept Presentation. Right: Computer 
Visualisation from Initial Concept Presentation ....................................................... 29 
Fig. 30. Presentation Illustration explaining the two `Design Development A' concepts ... 30 
Fig. 31. Computer Visualisation showing left: the favoured concept and right: the 
principle of the concept .............................................................................................. 
30 
Fig. 32. Preliminary 2D drawings for toolmakers and moulders .......................................... 31 
Fig. 33. Revised Concept: `Design Development B' ............................................................ 
31 
Fig. 34. Stills from the animation illustrating `Design Development C' .............................. 
32 
Fig. 35. Polyurethane casting taken from SLA master .......................................................... 33 
Fig. 36. First issue technical drawings: created directly from 3D modelling data ............... 34 
Fig. 37. Computer Visualisation of proposed handle ............................................................ 
34 
Fig. 38. Left: SLS rapid prototype parts. Middle & right: Off tool plastics ......................... 
36 
Fig. 39. Stills from animation produced for the world affiliates meeting ............................. 36 
Fig. 40. ............................ Computer Visualisation of the final design proposal ................... 40 
Fig. 41. Worksheets from initial brainstorming session ........................................................ 41 
Fig. 42. Initial Concept Sketches and GA's ........................................................................... 
42 
Fig. 43. Boards from Initial Concept Presentation ................................................................ 42 
Fig. 44. Concept regeneration through the use of sketches ................................................... 43 
Fig. 45. Concept regeneration through the use of GA's ........................................................ 43 
Fig. 46. Phase 1 presentation boards ...................................................................................... 43 
Fig. 47. Appearance models ................................................................................................... 
44 
Fig. 48. Computer Visualisations (left: without label. Right: with label) ............................ . 44 
Fig. 49. Concept development. Left: AutoCAD drawing. Right: Presentation 
Illustration ................................................................................................................... 
45 
Fig. 50. Concept development. Left: Computer Visualisation. Right: Appearance 
Model .......................................................................................................................... 
45 
V 
Fig. 51. Further concept development. Left: Sketches and right: Hand drawn GA ............. 46 
Fig. 52. Further concept development. Left: 2D AutoCAD drawings and right: 
Computer Visualisation .............................................................................................. 
46 
Fig. 53. Final specification drawings for case and actuator .................................................. 
46 
Fig. 54. Existing unit (left) and right: Medis unit .................................................................. 
50 
Fig. 55. Left: Kintore Health Centre. Right: Inverurie Health Centre .............. 
Fig. 56. Left: Contextual Model of Inverurie Health Centre Middle: Full size 
configuration rigs. Right: Initial configuration sketches ........................................... 52 
Fig. 57. Presentation boards for initial presentation .............................................................. 
53 
Fig. 58. Left: development drawing of asymmetric concept. Middle: Scale model. 
Right: Full size test rig ............................................................................................... 
53 
Fig. 59. Left: Full size sketch model. Middle: Full size appearance model. Right: 
Internal components in 3D ......................................................................................... 
54 
Fig. 60. Left: 3D concepts. Middle: The concepts in-situ. Right: Materials and finishes.... 54 
Fig. 61. Left: Working out details using sketches. Right: 3D view of the finished 
design .......................................................................................................................... 
55 
Fig. 62. Left: 3D view of the finished design. Right: 2D drawings from the 3D data ......... 56 
Fig. 63. Proposals for the Medis logo .................................................................................... 56 
Fig. 64. Left: Proposal for the Medis logo. Right: The final logo ......................................... 56 
Fig. 65. Building the prototype .............................................................................................. 
57 
Fig. 66. Installing the prototype ............................................................................................. 
57 
Fig. 67. Questionnaire for Heuristic Map peer review feedback .......................................... 59 
Fig. 68. Distribution map cross-referencing reasons for use with media types. Digital 
media are shown by red, traditional by green ............... 
Fig. 69. Distribution map illustrating the relationship between communication and 
media types ................................................................................................................. 
69 
Fig. 70. Distribution map illustrating the relationship between the media types and 
timeline attributes ....................................................................................................... 
70 
Fig. 71. Hand rendering of `Soulagil' Concept ..................................................................... 76 
Fig. 72. Final computer visualisation ..................................................................................... 76 
Fig. 73. Initial sketches of Medis concept ............................................................................. 77 
vi 
Fig. 74. Final Medis prototype ............................................................................................... 
77 
Fig. 75. Drawing of initial Bi-Liquid Mixing System concept ............................................. 78 
Fig. 76. Still from Bi-Liquid Mixing System animation ....................................................... 78 
Fig. 77. Integration model ...................................................................................................... 
80 
Fig. 78. White models of `Soulagil' Concept ........................................................................ 
87 
Fig. 79. Final computer visualisation ..................................................................................... 
87 
Fig. 80. Full scale model of Medis concept ........................................................................... 
88 
Fig. 81. Final Medis prototype ............................................................................................... 
88 
Fig. 82. Computer visualisation of Bi-Liquid Mixing System concept ............................... 
89 
Fig. 83. Still from Bi-Liquid Mixing System animation ....................................................... 
89 
Fig. 84. Integration Map ......................................................................................................... 
92 
Vll 
Appendix 1: Formative Research 
1.0 FORMATIVE RESEARCH 
1.1 Learning / Teaching Process 
In order to become familiar with one of the pieces of software (Alias) to be used as 
part of the research programme, the researcher undertook a process of learning the 
software, immediately followed by teaching it to another. The objective of this process 
was one of linear reinforcement. The process was documented via a series of 
worksheets; the learning process resulted in the production of a set of what were called 
`diagram cards'. A series of cards which tried to summarise the key concepts of the 
software and present them to the student in a more user friendly and useful manner 
than they were presented in the software manual. 
1.2 Learning Process 
This section concentrates on the learning of Alias Studio, the initial 3D modelling 
research software. The learning process was carried out through the building of a 
project model, this was based on the principle that it is more appropriate to learn `on 
the job', as designers learn by doing, rather than being taught out of context. The 
learning project chosen was the'samovar' teasmade, which had comprised part of my 
undergraduate degree submission. It was appropriate as a learning project as it had 
already been designed, a model had already been built and it had range of form and 
component interaction requirements. Worksheets were utilised to provide continual 
documentation of the process. 
'Samovar' combines a number of components ranging from highly geometric to more 
complex, free form curvature. This combination made the product ideal as a learning 
model as the more simple geometries could be quickly modelled, building 
understanding and confidence with tangible results. The initial learning sessions were 
fully supervised, but it soon became apparent that the intensity of supervision was too 
high; learning was being achieved by rote. The approach was modified to become 
2 
more investigative, with discussion of the modelling problem before a number of 
routes were attempted to try to solve it, which appeared to result in a more effective 
understanding of the process. 
The learning process progressed very well, but the modelling process was not always 
smooth with some modelling problems generating vigorous debate. Stumbling blocks 
occurred with certain geometries, which on first impressions appeared'made' for Alias 
This led to a modification of the modelling activity, where tactics were worked 
through using sketches and drawings instead of working directly onto the screen from 
a technical drawing or an existing model. Working out the geometry on paper before 
attempting to model it proved to be highly effective. After approximately sixty hours 
the wire-frame was complete and the documented learning process at an end, the 
model ready for rendering and presentation. 
1.2.1 Learning Process Worksheets 
This section contains a few examples of the worksheets employed as part of the 
learning process. They illustrate of the range of approaches used and how the 
documentation changed over the period of learning. 
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Fig. 1. Example of a learning process worksheet. 
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Fig. 2. Example of a learning process worksheet 
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1.2.2 Learning Process Images 
The following images are a selective representation of relevant aspects of the learning 
process, marking significant points of interest or progress within the project. 
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Fig. 3. Wire-frame view of teasmade base 
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Fig. 4. Wire-frame view of main body, storage containers and tea brewer 
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Fig. 5. Wire-frame view of teapot 
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Fig. 6. Shaded view of teapot 
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Fig. 7. The final model. Wire-frame view (left) and photo-realistic render (right) 
1.2.3 Diagram Cards 
This series of cards are an attempt to illustrate the key concepts of the software in order 
that they might assist a student in learning the software. They were used to both 
familiarise the student with the concepts before learning and also as a quick reference 
during learning. 
e. eI WHAT IS 3D SURFACE MODELLING? 
Asa designer you are already familiar with modelling using clay, wood or foam. With virtual modelling, you will work on 
curves and surfaces with modeurig tools in a simulated 31) environment to create 3D models. 
Imagine that you are working with wire. 
First you place wires that determine the basic shape of the object - by adding more wires the result is a wire mesh that 
represents the shape. You then cover the wires with a skin of whatever colour andlor material you require. Finally you set up 
your lights and lake a picture. 
This is essentially how a 3D surface modeller works. 
These cards are designed to be utdtsed in conjunction with flit teaching of Alias. They are not designed to replace a tutor, but 
to prompt you in the three basic areas defined as. 
" Getting In 
" Moving Around 
" Modelling 
They should help to generate an understanding of the geography of the system. The principle behind them Is that they are 
visual in nature as a sort of quick reference system, rather than binding the student with words and descriptive text - like this) 
All functions on A las are controlled by a combination of the mouse and the keyboard - but primarily the mouse. 
"A single click with the left key on any icon will activate it and make il usable - Active Icon - Yellow 
"A double click Is used to open fulders and access further parts of the system, Ia. the Alias programme itself 
The various buttons on the mouse control the movements of the cursor, this is exhenroly useful when you start modelling 
" LEFT KEY- ALL FUNCTIONS IALL DIRECTIONS 
" MIDDLE KEY - HORIZONTAL MOVEMENT 
IQý ýU 
" RIGHT KEY - VERTICAL MOVEMENT 
Fig. 8. Introduction card 
2. NEW MODEL 
I Single click The Screen win go blank for a few seconds 
on research 
Than a window called workspace will appear 
4$ 
iY 
user name 
ýý fl 
passte 
j Enter password l 
__ 
J using keyboard 
then enter 
PERSONAL bgln help 
2 Single click on login - 
This Is the window from which you access the programme, 
edft files and move them arowxd. 
Fig. 9. Explaining the software work space 
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3 NEW MODEL 
Model 
Smflle click to access 
modelling part of programme 
Allas 3 
The menu strip at the bottom 
of the scieen will change to 
what are known as'modelliny tools' 
Double click to open the Alias programme 
1 
'1 
You are now ready to start modelling 
Fig. 10. Explaining how to open the software 
YOUR 'DRAWING BOARD' 
TO CREATE YOUR WORKING PAGE' To work In a window it must first be active. 
This Is done by clicking anywhere in the 
window and this is denoted thus: 
single click 
Window 
front "" 
All 
In order to see the model properly you may 
The default Allis already want to make one window fill the whole screen, 
selected so this is fine this can be done in two ways: 
bp P-W 
FD dick and drag to select 
Top right of screen 
Rod dwt click to toggle 
screen priority 
The screen will now show 3 elevational views window 
and a perspective view simultaneously or 
Fig. 11. Explaining the different elements of the modelling window 
10 
s-" rj- 'VIEWING' YOUR MODEL 
Dolly, imagine that you are on a camera dolly - 
persp ®®®®®©ý 
zooming in and out of the model 
Single click and hold (icon goes black) 
*-. 
*- 
Apart from changing screen priority there area number 
of ways of manipulating your view in order to view your Move mouse left slightly and you will move away from 
model better. The most useful of these are tumble, dolly the model at a steady rate, this is known as dollying ouf. 
and track. They can be accessed from the Icon bar (above) Move the mouse constantly to the left and you will dolly 
or the menu command line under views. out at an accelerated rate. Move the mouse to the right and 
you will move closer to the model, this Is known as dollying in. 
Tumble (can only be used in perspective window) Track, moves the view across or up and down the screen. 
Single click and hold Single click and hold (icon goes black) 
(icon goes black) 
tt1 
In response to up, down, left and right mouse movement, 
the view shifts or tracks to follow the mouse. Remember 
you can constrain your tracking to vertical or horizontal 
Move mouse left, right, up and down, view tumbles only movement by using the right or middle mouse keys. 
and when you are happy with the view, release the 
mouse button to confirm. Remember to try this using 
the horizontal and vertical priority mouse keys HELP - It at any time you lose control simply select views - reset and click In the modelling window 
Fig. 12. Explaining various ways of moving and viewing the model 
". b DRAWING A LINE 
THE CONCEPT TO DRAW A CURVE 
Modelling with Alias starts by plotting a senes of points 
these are known as conUol veIlces or ov's new curve Select new curve 
When you arrange a series of ev s its like plotting points Curve 
nn 
on a graph, first you plot the points then Alias joins them 
in a smooth curve 
Then use the mouse to click in the modelling window 
and lay down a series of cv's. A smooth line is automatically 
d t b rawn e ween the points with each cv exerting an Influence 
on the curvature of the line 
. 1x 
x kx 
In Alias, an lines whether straight or curved, 
Only the beginning and end Cv's automatically 
connect to the end of the line 
are known as curves. 
Each curve must contain a minimum of 4 cv's 
Fig. 13. Introducing the concept of curves 
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MANIPULATING THE LINE 
WHAT IF YOU WANT SHARP CORNERS ON THE LINE? cv 
Pick 
The nature of splines are that they draw a smooth line 
between, but not running through points, there are ways 
of changing this, but the simplest for the moment Is by 
using a tool called multiplicity 
This adds CV S on top of the existing ones picked therefore 
multiplicity p 
Increasing the magnetism of the cv set Curve 
Tools 
The multiplicity settings are from 1-3 
1- one cv, normal magnetism MULTIPLICITY 
2- two cv's, more pull towards ov click on field to enter 
3- three cv's, hard comer at cv $AV E EY IT (gyp or change settings 
Fig. 16. Manipulating the curvelline using control points 
71-1-13ý 16 MANIPULATING THE LINE 
Things can only be manipulated when they are active 
so the pick Command is constantly in use MOVING AN OBJECT 
This is where you will start to use the X-form (transform) 
commands such as move, scale, rotate etc. 
MOVING A CV 
object 
Pick 
_ 
'ý 
cv 
Pick 
move 
xaorm 
Go to 
x move 
l 
X-form 
IJ Click and hold and move 
Click and hold anywhere in the window (not on the model) 
with the mouse and move I around " the cv will move and 
the Curve will adjust to follow the pull of the cv 
Remember to make use of the directional mouse keys 
Fig. 17. Using the mouse to manipulate curves/lines 
MUL IPLlc. ITY ? 
SAVE EYýT ! gyp 
13 
ac7 DRAWING A LINE 
DRAWING A STRAIGHT LINE The grid can be toggled on and off whilst the Curve is 
under construction, if for example you want the start 
and and ev's on grid points but none of the others, 
Before selecting ---- fl. new curve 
or you can use It to combine straight lines with curved 
Curve 
Toots le: 
Highlight grid in the right hand section of the menu bar 
LMIJlb1C4 
When you lay down the cvs now they will snap to the 
nearest grid point to the cursor when the mouse is clicked 
Drawing a curve Is the sterling point for all models 
Fig. 14. Illustrating that curves and lines are a combined entity 
". F MANIPULATING THE LINE 
PICKING 
To pick a cv - dick on the cv 
or drag a box over it 
Once a curve has been drawn It can be manipulated in a CV 
number of ways to achieve the desired profile pick 
The pick command Is used to select individual cv's or 
objects In order to manipulate them, an object cannot To pick an object - dick anywhere 
be manipulated unless It has been selected on the object or drag a box over 
any part of it 
object 
pick 
CV 
com on. nt 
object 
-nothing Picking on an active object deactivates it 
Pick Active objects - White 
Inactive objects - Blue 
Active cv's - Yellow 
Inactive cv's - Red Once you have laid down the desired number of cv's 
for your curve, or finished manipulating your curve 
go to pick - nothing. This deactivates any cv's/objects To confirm and confirms the curve In preparation for another command nothing 
pick 
Fig. 15. Making curves and lines active and inactive 
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" MANIPULATING THE LINE 
ROTATING AN OBJECT SCALING AN OBJECT 
object 
larger 
object scale O0ý 
pik x Pick 
K X-form 
smaller 
1 rotate x 
Move the cursor to bottom left to amke the object smaller 
Top right to make It larger, or type in absolute values on 
the command line. 
" () Xform " 
pivot pint 
X 
Right mouse key will scale 
the object only in the vertical axis X 
The object win rotate around the green pivot point which 
will appear when the object is selected, by using the mouse 
(slick and hold) or typing in values relative to the xyz axis 
on the command line 
Middle mouse key will scale 
the object only in the horiz. axis It 
Fig. 18. Rotating and scaling curves/lines 
". 2 IBUILDING A SURFACE 
THE IMPORTANCE OF THE CURVE 
Getting the original profile curve correct and understanding 
how that can be achieved is of critical importance within Alias. 
Once this profile curve has been created you are ready to 
embark upon the next step - Building a Surface. 
There are four basic ways of building a surface from the 
creation of a profile: 
" Revolve the profile curve around an axis 
" Patch between two profile curves 
" Skin over numerous profile curves 
" Extrude a profile curve along a designated path 
From these basics all Alias models begin 
You can also create models or parts of models using primitives. 
Allas has: spheres, cubes, planes, cylinders and cones - 
by combining, transforming or Cutting these objects, you can 
create more complex objects. 
Fig. 19. Introducing the concept that the curvelline is the starting point for most surfaces 
14 
e 13 OUILUINL A SUKFAGE 
REVOLVE 
A profile is revolved around a designated axis, a bit like using a lathe, Go 
but unlike a lathe, you can choose how many degrees of revolve 
you want - from i- 380. 
Z 
Draw a profile 
To see the surface property 
persp """ 
Pick as an object 
Activate the perspective window 
Go To --ý tumble Click, hold down and 
X 
move to view the model 
Views 
Go To -ri- evolve l) To see the model with a surface 
Build Surf 
Go To --®. qk render This will colour the Under options you can choose at axis you want to make 
model the revolve around and by how many degrees. skin of the Disp Tools 
The default Is always 360 degrees around the vertical axis of 
your current modelling window. 
Then click anywhere to resume the wireframe view 
Fig. 20. Revolving the curve/line to make a surface 
"' /[ý BUILDING A SURFACE 
PATCH PATCH - Opt an 2- Same curve 
This creates a plane between two curves, these can be Draw a profile 
two different curves or the same copied and moved. It is 
preferable but nt essential that the two curves have the 
same number of cv's object Go To copy 
Pick Object 
PATCH - Option 1- Different Curves Toole 
This creates a copy curve on top of the old one, 
Draw a profile the old one de-activates and the new becomes active 
Draw a second profile Go To move 
X-torm 
Go To patch pick 
Build Move the curve In a vertical direction using RH mouse key 
Surf 
pick patch pick 
Build 
Suit pick 
Patched surface 
View as before patched surface 
Fig. 21. Building a surface up over two curves/lines 
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" ý5 BUILDING A SURFACE 
SKIN pick pick 
This is similar to patch but can use multiple profiles 
to create a convoluted curve 
)) a 
Draw a curve 
Go 
Draw another two, 
or copy original to create 
three separate profiles 
Go To skin select each curve 
(in a similar place) 
Build 
Surf 
A skin is created 
This surface can be viewed in the normal way 
Try scaling copied profiles to achieve more Complex forms 
Fig. 22. Building a surface up over multiple curves/lines 
". (b 1BUIL A SURFACE 
EXTRUDE In top window 
This Is similar to building a length of tube, where you can 
control both the profile and the path you wish it to follow. 
Select the profile 
pick. ----ý Go 
Draw a profile in the front window 
. t- pick Select the path 
Draw desired path in the top window -~ý 
Go To extrude An extruded surface is created 
Build 
Surf 
View using tumble in the perspective window 
Fig. 23. Extruding a curve/line to make a surface 
16 
1.3 Teaching Process 
The principal method underpinning the teaching process is based on reinforcing the 
learning of the system by teaching it to someone else. The subject for this is a Design 
for Industry lecturer, chosen carefully as being technologically inexperienced, but 
experienced in the realisation of 3D form. The process is documented in a similar way 
to the learning process, except that the teacher is the one documenting it, rather than 
the subject. The teaching process was designed to try and teach effectively, without 
confusing the tutee with technical details, the structure followed five stages: system 
awareness, pre-modelling discussions, construction, presentation, and assessment. 
Reasonable progress had been made using as a teaching project a small hand held 
camera. Due to demands on time however, it was decided that this was too complex to 
be completed, and following many delays, the project was eventually suspended. 
However, despite these problems, some interesting findings were made. As an 
experienced industrial designer, the tutee had no problems understanding the geometry 
he was seeking to create. However due to his inexperience with computers, the 
majority of problems were procedure based, remembering where things are and the 
hierarchy of commands. 
1.3.1 Teaching Process Worksheets 
This section contains a few examples of the worksheets employed as part of the 
teaching process. The objective of the teaching process was to reinforce the learning 
process by teaching the software to another member of staff. 
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Fig. 24. An example of a teaching process worksheet 
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1.4 Formative Case Studies 
The principal objective of carrying out these studies was to investigate methods by 
which Alias can be used for the creation of virtual models as an integral part of the 
industrial design process. Both of the case studies were based on live projects, but 
compared to the later case studies' were much smaller in scale and complexity. These 
cases represent the principal evidence supporting the hypothetical statements. They 
both deal with the conceptual stage of a design project, one prioritising function over 
form, the other form over function, representing two distinctly different areas of design 
practice. There follows a brief overview of each case study. 
1.4.1 Formative Case Study 1: Seaward Electronics 
This case study covers the design, modelling and presentation of two products: an 
oscillator unit and an amplifier probe. Both products are used within cable trace and 
test operations, house a considerable amount of electronics, and have to be compliant 
with a stringent set of specifications. 
The Brief- Develop electronic schematics and design the casings for an oscillator and 
amplifier probe to stage 1 level, taking into consideration all technical components and 
their associated specification. 
Requirements - The end result must be sufficiently rationalised and of high enough 
quality that the products can be put out to tender for an impending BT contract. 
Response - The presentation medium had to be as indicative of the final product as 
possible. With the combination of technical content and required sophistication of 
presentation the project lends itself directly to the combined use of Alias and Pro- 
Engineer, with final form presentation visuals created on Alias. 
1A full review of the later case studies can be found in Chapter 4 of the thesis 
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Despite having different components and functions, the products required the same 
design approach and so were designed concurrently. Following familiarisation with the 
electronics and associated specifications, internal schematics and external visuals were 
presented to the client in 2D and soft model forms. To ensure consistency the casing 
internals were then developed on Pro-Engineer concurrently with external casings 
being created on Alias. Components drawn up on Pro-Eng were transferred to Alias 
before being dropped into the surface models. 
The Alias models were created using basic block sizes for reference, neither required 
particularly advanced tools for construction, although the Probe, with its complex nose 
shape did present a greater challenge than the oscillator 'box'. Both products were 
continually verified using quick render, geometry problems were sorted out principally 
on paper. The probe benefited form the use of soft models to verify both form and 
ergonomics. 
In this instance where no real effects of transparency and or reflectivity were required 
we discovered that presenting in the form of a high quality quick render saved time, 
presented fewer logistical problems, and was sufficient as a communication medium. 
Both products were presented as orthographic and perspective views. It was decided 
that the products should be presented as simply as possible. 
This form of presentation worked extremely well, utilising quick render cut down the 
presentation time dramatically, and allowed for modifications to be made during the 
presentation itself. This made the whole process quicker and more interactive. The 
level of communication was high. The orthographic views satisfied any queries as to 
aspect ratio and component placement. The perspective visuals presented a more 
dynamic view well suited to pre-selling the product in a marketing context. 
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1.4.2 Formative Case Study 2: Thwaites Breweries 
This case study covers the design, modelling and subsequent presentation of proposals 
for two counter mount concepts; these are primarily point of sale products with little 
functional constraint. 
The Brief- Design a range of counter mounts taking into consideration brewery 
history, the nature of the family of products, current and potential markets. 
Requirements - Represent the concepts at a level where they can be presented to the 
board of directors 
Response - To make a prototype for this type of product would be prohibitively 
expensive. The presentation therefore had to be of such clarity that it represented both 
the mount and associated graphics as near to reality as possible. This project required 
the use of context, representation of materials such as brass and acrylic, and the 
visualisation of graphics; this made it suitable for the photo-realistic rendering qualities 
of Alias. 
Initial analysis by sketching evolved into the production of a number of soft models, 
determining product direction. The mounts were then modelled on Alias, and the 
graphic panels introduced, also modelled on Alias. A typical environment was 
photographed, and wrapped to the inside of a cube. Representative of a room, this 
ensured the correct types of reflections would be seen in the model and set the context 
for the scene. The Alias models were generated utilising both soft models and 
elevations. Both products were continually verified using quick render but needed little 
modification due to the integrity of the initial soft models. The graphics required 
continual modification as multiple developments took place. 
OO 
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The facilities for photo-realistic rendering were critical to the final presentation. If an 
object made of materials such as brass and acrylic is placed in a white room, it would 
have no character, the dynamics of the environment are required to bring the materials 
to life. In order to successfully present the counter mounts, it was necessary to display 
them in an appropriate environment. Each brand and concept was presented 
individually, as well as brands being grouped for comparison. 
This was an extremely successful project. An enormous amount was achieved 
concerning the manipulation of environments and graphics. From the clients point of 
view the medium represented the concept as near as possible to the finished product 
without it actually being made. Showing individual as well as combined views 
facilitated the assessment of each concept before comparing to others. Decision- 
making on future developments was rapid and informed. 
22 
Appendix 2: Case Studies & Analysis 
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2.0 CASE STUDIES & CASE STUDY ANALYSIS 
2.1 Media types 
0 
The following figure illustrates the classifications employed during the analysis of the 
case study documentation. The letters and numbers within the brackets illustrate how 
the different media types are represented within the case study index. A full description 
of the different media types, including illustrations can be found on the CD. 
Digital Non-Digital 
2-Dimensions 3-Dimensions 2-Dimensions 3-Dimensions 
Sketch & Draw 
(SD) 
Pres. Illustration. Pres. Illustration. 
PI Pl 
Tech. Drawing Tech. Drawing 
#1. (TD#1) #1. (TD#1) 
Tech. Drawing 
#2. (TD#2) 
Model#l: sketch. Model #1: sketch. 
(M#1) (11#1) 
Model #2: 
unconstrained. (\ 1#2) 
Model #3 constrained. 
(Nl#3) 
Model #4: Model #2: 
Appearance. (S1#4) appearance. (? \1#2) 
Model #5: prototype. Model #3: 
(11#-) prototype. (11#3) 
Computer Visualisation. 
Computer Visualisation- 
Animation (CN'A) 
Fig. 25. Table illustrating the breakdown of, and abbreviations for, media types used in the case study analysis 
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Pre-Design 
Discussions 
i 
3 25 JJML confirm 1st meet date & send CO(. tagree. DE3 
- -- -- --- 4 June 3 Iraial meet with JJML at Centre DE 1 
4 J 12 Quotation & project plan sent to JJML DE I 
1 19 JJML querý ownership of IP DE1 
1 20 Confirmation that P owned by JJML DE1 
oncept Generation 
Stage Start 
5 21 Brainstorm session CD SD 
1 23 Research evaiuaticn carried out & questions sent to JJML DE2 
4 28 Received part ansvers to research evaluation & original design brief 
received by CfID 
DE 1 
--- ------- 3 A 3 - -- ----- - ---------- Further answers to research evaluation received DE3 
0 3 Audus Noble sign conhdentia agreement with CIO _ DE7 
0 
0 
6_ 
18 
LMG sign confidentiaitq agreemera_wfh CID 
Consutanc contract sent by UBS to JJML DE I 
5 20 hterim Presentation (initial concepts) DE2. CD MI? CV. SD. Pl. 
Fig. 26. Bi-Liquid Mixing System: Case Study Index 
2.2.2 Project Summary 
This document provides a summary or overview of the events that occurred during the 
execution of the project. The project was carried out between May 19th 1993 and 
August 24th 1995. 
The Brief 
The brief was to design a method of packaging two liquids, which when combined, 
provided a sterilising solution for endoscopes. The liquids had to be kept separate until 
the solution was ready to be used and the user must have no access to the liquids until 
they were mixed. The container had to be tamper evident and the mixed solution had to 
be able to be poured in less than 20 seconds without undue splashing. 
The Result 
The final product (Fig. 27) consisted of six components; an inner flask made up of two 
components screwed together, into which acid would be poured, then capped off. This 
would be inserted into the neck of the main bottle, previously filled with a buffering 
solution, and be held there. An over cap would then be screwed on; this cap would trip 
over a set of ratchets on the top of the acid flask. When the over cap was screwed off 
the ratchets would be activated, the bottom of the acid flask would be held in the neck 
of the bottle and the flask would unscrew itself, dumping its contents into the solution 
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below. By the time the user got the cap off, the acid would be neutralised and they 
could pour the resulting solution out through the annular space between the flask and 
the neck of the bottle. To the user this extremely complex set of events would not be 
apparent, as far as they were concerned, all they had to do would be to screw the cap 
off and pour the solution out, a standard activity requiring no instruction or training. 
Fig. 27. Final mouldings for Bi-Liquid Mixing System 
The scope of the project was `full spectrum' with our responsibility to take ideas from 
basic concepts right through to final production and testing. 
2.2.2.1. Pre-Design Stage 
Following a briefing meeting with the client and an internal team discussion on June 
3rd 1993 it was determined that if we were to win the project, extensive use of 3D 
digital modelling was very likely to be required in order that both ourselves and our 
clients could understand the true nature of the potential designs. As a professional, 
commercially oriented centre, we were keen to impress our clients with the decision 
making power we believed to be inherent within 3D digital modelling, until this point 
in time however, we had been unable to truly put it to the test. The immense scope of 
this project was to provide us with the potential to do just that, although at that stage 
we were not sure as to the extent it might play in the development of the design 
process. Our intention to exploit the potential of 3D modelling can be seen clearly in 
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our initial project proposal of July 12th 1993 (DEI). The project eventually went live 
on July 21st 1993. 
2.2.2.2. Concept Generation Stage 
0 
Brainstorm 
Although the use of 3D digital modelling was high in our consciousness as potentially 
providing the main tools for the development of the mixing system, the project 
commenced in a traditional manner with a group brainstorming session. This was the 
means by which the Cf D design team commenced most projects, the sketches and 
words drawn during them providing invaluable triggers to potential concepts when 
returning to review them later in the project. 
iý_".. -I -- "i 
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Fig. 28. Sketches from the brainstorming session 
Initial Concepts 
In addition to concepts, the brainstorming session threw up a series of challenges and 
questions about the brief, once the answers to these were provided we were able to 
develop the ideas generated during the brainstorming session into a series of initial 
concepts based around the principle of a twin aperture container. The initial concepts 
were generated and presented using three main methods. Concepts were generated in 
sketch and drawing form and presented on a series of boards (Fig. 29) along with our 
analysis of the project requirements at that stage. We also presented these concepts by 
means of 3D digital non-specific schematic models (Fig. 29). The intention of these 
was to give the client confidence in our ability not only to understand the problems 
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presented by the project, but also to impress them with the power of 3D computing. 
Due to the relative simplicity of the concepts at this stage in hindsight the 3D models 
were probably an unnecessary addition to the presentation, as they showed nothing that 
had not already been communicated via the 2D boards. 
Fig. 29. Left & Middle: Boards from Initial Concept Presentation. Right: Computer Visualisation from Initial 
Concept Presentation 
Concept Development A 
Following the feedback from this presentation the concepts were further developed in 
sketch and drawing form, but by this time the concepts were becoming much more 
complicated, with the main conceptual leap occurring in the move from a twin to a 
single aperture container. As a team we were having some difficulty in understanding 
the complexities of the concept and it was decided that we would have to fully 3D 
model the entire system concept in order that both we and our clients could understand 
what was going on. For speed and because the concept was still so unresolved we 
decided to do this on `Alias'2, an unconstrained surface modeller, although we knew 
that for tooling it would have to be created on a constrained modeller at a later date. On 
September 15th 1993 we presented `Design Development A' which consisted of two 
main concepts. Both were presented by means of 2D drawings (Fig. 30) on boards 
combined with a series of 3D snapshots (Fig. 31) of the strongest concept in various 
stages of assembly and disassembly. This proved invaluable in order to be able to 
2 AliaSTM: see Glossary 
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communicate our design intent. This concept was selected and would go on to form the 
fundamental basis of the final product. 
Fig. 30. Presentation Illustration explaining the two 'Design Development A' concepts 
Fig. 31. Computer Visualisation showing left: the favoured concept and right: the principle of the concept 
2.2.2.3. Design Development Stage 
The client company was now sufficiently confident enough with the design that they 
shared this presentation with their board and approval was given to take the project to 
the next stage. With the fundamental concept upon which the design would be based 
now in place we were able to embark on design development. Taking the concept to a 
stage where we could be sure of functional and manufacturing feasibility. 
Design Development B 
Following the presentation of'A' we very quickly realised that there were some 
fundamental problems with the concept. We used a combination of sketching, drawing 
0 
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and 2D CAD to develop the concept to a point where we were able to send preliminary 
drawings out to toolmakers and moulders for initial quotes (Fig. 32) At the same time 
we embarked on the process of building the system in `Pro/Engineer' (Pro/E)3, a 
specification driven 3D solid modeller At this stage in the design process, accuracy in 
the design was becoming more and more critical. On November 17th 1993 we had an 
interim on screen presentation of the new concept (Fig. 33) We suggested that whilst 
we were confident that we had got most things right, it would be necessary to go to a 
rapid prototype in order to prove it. 
- -- 
Fig. 32. Preliminary 2D drawings for toolmakers and moulders 
t 
"1 
Fig. 33. Revised Concept: 'Design Development B' 
Design Development C 
The next month was spent further developing the design through the use of 3D solid 
models, by this stage in the development this was the only way in which we could 
3 Pro/EngineerTM: See Glossary 
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control the parameters of the design Sketches were used to work out small details, but 
the 3D model was the only way to get an overall view of the product and its 
functionality. However, whilst we could understand the concept via this method it was 
felt that our clients might have difficulty in fully understanding the changes to the 
concept by these means alone. To assist this understanding we created a short 
animation sequence (Fig. 40) which showed the assembly of the product and its 
subsequent disassembly at the hands of the end user (whilst the production of this 
animation can be seen as being over and above the general demands of the design 
process, the client were later in the project to commission us to do a full length 
animation to sell the product to affiliates at a global marketing meeting). As the design 
was being developed using Pro/E, to avoid remodelling, the parts were imported into 
Alias to allow the animation work to be carried out. 
qn 
Fig. 34. Stills from the animation illustrating 'Design Development C' 
Also during this design phase technical issues such as moulding and seal material 
selection were being tackled, along with obtaining quotes for the production of a rapid 
prototype. The stage culminated with a review of the design and all aspects of progress 
to date. 
2.2.2.4. Specification Stage 
0 
Ist Prototype Development 
Approval having been obtained for the production of a rapid prototype4, an SLA5 
model was commissioned. However, the release mechanism within the design hinged 
4 Rapid Prototype: See Glossary 
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on a series of ratchets which had to flex to make the design work. SLA resin is very 
brittle so flexible polyurethane castings (Fig. 35) were taken from the SLA. These lost 
some of the original accuracy of the original rapid prototype but allowed us to prove 
that the concept would work. 
Fig. 35. Polyurethane casting taken from SLA master. 
Costing and Supplier Sourcing 
With the concept proven we were able to develop the product further within Pro/E, by 
this time most design iterations were taking place within this medium, and produce 
first issue technical drawings for in depth feasibility discussion with manufacturers 
(Fig. 36). Representatives from the COD and the client company spent four days 
visiting potential manufacturers discussing all issues concerning the functionality, 
manufacture, assembly and production of the product. For this we employed the 
polyurethane casting (Fig. 35) to explain the concept, and left the potential supplier 
with the drawings to enable accurate quotations to be supplied. The purpose of these 
visits was twofold, firstly it was to seek expert opinion on the design on the 
components, and secondly, to assess which manufacturers had the appropriate facilities 
and approach to carry out their designated part of the production process. 
5 SLA: See Glossary 
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Fig. 36. First issue technical drawings: created directly from 3D modelling data 
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Design Refinements and Specification 
Subsequent to these visits there was a period of design refinements as feedback was 
obtained with respect to costs and feasibility. Design work on a handle and siphon 
attachment was also ongoing via the use of sketches and non-specific models. On April 
. 12th 1994 a design review was 
held where the design of the handle was presented (Fig. 
37), general technical detail was reviewed and feedback was provided on costs and 
supplier recommendations. 
ý. ij1 
.: 
Fig. 37. Computer Visualisation of proposed handle 
Following the selection of proposed suppliers a round table meeting was held between 
the suppliers, the client and the Cf D to consider all design and production details. 
Again, the rapid prototypes and drawings were the main tools used to facilitate 
communication between the various parties. There followed a series of numerous small 
amendments and modifications to the design of the various components, until on July 
27th 1994, orders were placed for tooling. 
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Fig. 38. Left: SLS rapid prototype parts. Middle & right: Off tool plastics. 
Fig. 39. Stills from animation produced for the world affiliates meeting 
A further period of troubleshooting follows and on February 1 st 1995 1 st off samples 
of all parts are delivered and the product can be properly put together for the first time. 
Final Details 
With the principal components now in place this stage was focused on getting the 
handle and all tolerances resolved. With the true components available some minor 
tool modifications are made to improve the functionality of the product. Initial tests on 
the sealing and venting are carried out. A number of Failure Modes Effects Analysis 
(FMEA) sessions are held between the client company and CilD to ensure that the 
product satisfies quality and safety standards both in terms of design and production. 
Final modifications are made and product is submitted for final testing. On August 
24th 1995 the contract is deemed complete. 
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2.2 Case Study 1: Bi-Liquid Mixing System 
Client Multinational Pharmaceutical 
Product: Bi-Liquid Mixing System 
Brief: To design a bi-liquid mixing vessel for use with a new sterilising solution 
2.2.1 Documentary Evidence 
The documentary evidence is categorised as follows: 
(i) Starting the project: original briefs, quotes and schedules. 
(ii) Design reviews and general reports: including supporting research data and 
meeting notes relevant to design issues. 
(iii) Correspondence to/from client. 
(iv) Correspondence to/from other parties. 
(v) Supplier selection/visit documentation. 
(vi) Quotations: (i) tool making/moulding, (ii) prototyping, (iii) misc. components. 
(vii) Confidentiality agreements 
(viii) Patent related information 
Appendix 1: General company information 
Appendix 2: Misc. Items not dated 
2.2.1.1. Index 0 A section of the Bi-Liquid Mixing System Case Study Index is illustrated as 
Fig. 26, the full index can be found on the CD. 
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2.2.2.5. Troubleshooting Stage 
Troubleshooting 
Following placement of orders a period of troubleshooting commences, including the 
monitoring of tool progress and the management of suppliers. The first off tool sample 
bottles arrive on October 27th 1994. The main troubleshooting issues are focused 
around material selection issues, as well as the sealing and venting of the container. 
Most of this communication is carried out via fax using a combination of words, 
sketches and diagrams. 
O 
Animation and 2nd Prototype 
Around the latter part of 1994 the client requested that CfID put forward a proposal to 
sell the design to the client's world affiliate companies. CfED propose the production of 
a 3D animation and a new rapid prototype, both up to date with the current state of the 
design. CflD design a storyboard and script and prepare data for the new prototype. 
This is to be made via SLS6, a process that allows the components to be flexible, whilst 
retaining accuracy (Fig. 38). Components for the animation are imported into Alias 
from Pro/E and a five minute film with voice-over and soundtrack is produced (Fig. 
39). On December 5th 1994, CfID deliver a fully working prototype (bottle and cap are 
by this time off tool components) and animation to the client (Fig. 38). On December 
7th 1994, these are presented at the World Affiliates Marketing Meeting at Ascot. 
6 SLS: See Glossary 
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2.2.3 Process Summary 
During the course of this project it is obvious that 3D modellers (both constrained and 
unconstrained) comprise the predominant design tool. This is principally due to two 
reasons; firstly in most instances the nature of the project with its complex cause and 
effect interactions, demanded it; but secondly it can now be seen that there was a 
distinct element of seeing it as a means of impressing the client. In hindsight there are 
incidences of its use within the project that are in excess of the requirements of that 
incidence, this is particularly apparent in its use to present initial concepts. In the 
earlier stages of the project the use of 3D computing gave the client the confidence that 
we had generated concepts worth pursuing, and in the latter stages it was imperative to 
the proving of the design through the use of rapid prototyping. It was also extremely 
useful in enabling our client to communicate the design of the product independently, 
with tools such as the animation forming a total piece of communication, requiring 
little or no interpretation. At the time that this project was carried out few toolmakers 
could accept 3D data so although we were able to generate 2D specification data 
directly from the 3D models there was still a certain amount of interpretation required 
on the part of the toolmakers. However it is true to say that having the ability in the 
earlier stages to supply essentially a photograph of the finished component, and in the 
latter stages a physical model, removed a considerable amount of this interpretation. It 
is fair to say that without the use of 3D computing neither the client nor ourselves 
would have had the confidence to pursue the concepts to the extent we did, and if we 
had, it can be assumed that the amount of tooling modifications required would have 
been far more extensive. 
The project did not utilise any of the aesthetic tools such as soft modelling or 
appearance models, this was primarily due to the functional nature of the project, the 
complexity of the components making such approaches inappropriate and unnecessary. 
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2.3 Case Study 2. Soulagil 
Client: Procter & Gamble (P&G) 
Product: Soulagil 
Brief: The re-design of a packaging solution for a throat spray that would 
retain all the benefits of the existing pack whilst cutting costs by 
30Mo. 
2.3.1 Documentary Evidence 
The documentary evidence is categorised as follows: 
(i) Original briefs, quotes & schedules. 
(ii) Design reviews and general reports. 
(iii) Correspondence to/from client. 
(iv) Correspondence to/from third parties. 
(v) Quotations from suppliers. 
Appendix 1: General company information. 
2.3.1.1. Index 
The Soulagil case study index can be found on the CD. 
2.3.2 Project Summary 
This document provides a summary or overview of the events that occurred during the 
execution of the project named `Soulagil'. The project was carried out by Cf[D on 
behalf of P&G between February 18th and October 21 " 1992. 
The Brief 
The brief was to re-design the packaging of an existing throat spray product known as 
Soulagil in Europe and Ultra Chloraseptic in the UK. The existing packaging was 
popular with a number of functional and ergonomic benefits, but was extremely 
expensive to produce. The challenge was to achieve a 30% cost reduction whilst 
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maintaining the key benefits of the existing pack. The key benefits to retain were the 
protection of the actuator when not in use, the prevention of deterioration of the 
Soulagil liquid through exposure to UV, and the provision of a user-friendly method of 
application for the end user. 
The Result 
The existing product consisted of a custom produced bottle with an off centre neck 
sheathed in a label which protected the liquid from UV deterioration. The bottle was 
closed off with an over-cap within which sat a long armed actuator. Once the cap was 
removed, the user would swing the actuator round to gain better access to the 
application area (the throat). 
The final proposed design (Fig. 40) consisted of a bottle with an over-cap, which both 
managed and contained the long arm actuator. The actuator would be stored down the 
side of the product when not in use. The user would then remove the actuator and 
attach it to the pump in order to dispense the liquid. Once dispensed the user would 
replace the actuator in the storage position. 
The proposed design replaced the existing custom bottle with a standard off-the-shelf 
component. The bottle was coloured so the expensive sheathing could be replaced with 
an inexpensive label. The large over-cap was replaced with a smaller one that reduced 
material costs. The overall package was smaller & lighter so assisting distribution. The 
new actuator was a modification of the existing tool, reducing the need for expensive 
re-tooling. The final design ultimately resulted in a production cost saving of 25% 
whilst maintaining the key benefits of the existing pack. 
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Fig. 40. Computer Visualisation of the final design proposal 
This project was principally investigative and as such the scope of the project was 
limited to the earlier conceptual stages of the project, the final result being a 
specification for costing rather than a specification for manufacture. 
2.3.2.1. Pre-Design Stage 
This was probably the first major project for a major client that the Cf D had 
undertaken since its inception and we were obviously very keen to see what we could 
achieve for them. Whilst we were confident of our abilities to impress them on a 
creative/design level, we were aware that the use of our newly learned visualisation 
capabilities would be extremely important. At this stage we only employed Alias and 
AutoCAD7, we had not yet invested in Pro/Engineer. This obviously had an effect on 
the way in which we carried out the project. 
Through the marketing activities of what was then Polytechnic Products (the business 
arm of what was then Newcastle Polytechnic), P&G had confirmed their intention to 
work with CflD, however it was almost a full year later that the first stages of the 
project actually commenced. This followed a meeting between P&G and a 
representative of CflD on 26th February 1992. The project commenced the following 
day. 
' AutoCADTM: See Glossary 
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2.3.2.2. Concept Generation Stage 
0 
Brainstorm & Information Gathering 
The project started in a traditional manner with a series of questions being asked to 
both interrogate the existing design and to try and understand the problems that the 
design faced in both ergonomic and practical terms. In parallel with this, a group 
brainstorming session defined a direction for the project; sketches and words were 
used to keep a strong record of the thinking process (Fig. 41). 
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Fig. 41. Worksheets from initial brainstorming session 
Initial Concepts 
During the initial phase the client wanted our thinking to be as free as possible so 
provided us with very little information about the project, this actually worked in the 
opposite way to that intended and resulted in us focusing on only specific parts of the 
product. At this time we felt that the bottle was the key focus and this is shown in our 
own development (Fig. 42), it was only a very short time before the initial presentation 
that we come up with a more radical concept (Fig. 43 left). During this period, work 
was carried out in a very traditional manner, using sketches and hand drawn general 
arrangement (GA) drawings to obtain initial concept feasibility. 
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Fig. 42. Initial Concept Sketches and GA's 
The initial concepts are presented by means of boards showing analysis information & 
incorporating drawings and basic GAs, all non-digital (Fig. 43). The feedback was that 
apart from the Long Term radical concept, we were being too constrained in our 
thinking. 
Fig. 43. Boards from Initial Concept Presentation 
2.3.2.3. Design Development Stage 
Concept Regeneration 
Following this presentation we visited a manufacturing plant in order to establish some 
production parameters, this was followed by a period of concept regeneration, as the 
design was totally re-evaluated. Through the use of sketches (Fig. 44), drawings and 
GAs (Fig. 45) we generated four new concepts. 
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Fig. 44. Concept regeneration through the use of sketches 
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Fig. 45. Concept regeneration through the use of GA's 
These concepts were presented at the end of Phase 1, using presentation illustrations as 
before (Fig. 43 & Fig. 46) but this time they were also accompanied by a combination 
of computer generated images (Fig. 48) and models (Fig. 47). 
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Fig. 46. Phase I presentation boards 
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Fig. 47. Appearance models 
The concept was that the client could hold a model of the product in the hand (Fig. 47), 
whilst simultaneously viewing a visualisation of the product on screen, showed both 
with and without labels (Fig. 48). This combination of digital and non-digital media 
allowed us to fully communicate the concepts to the client in a much shorter time than 
it would have taken to make full appearance models. Being able to hold the product 
was essential as it was a hand held device. This approach was extremely successful and 
Concept I was chosen for further development. 
3 
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Fig. 48. Computer Visualisations (left: without label. Right: with label) 
2.3.2.4. Specification Stage 
Specification Development Concept 1 
As concept I was being developed through the use of AutoCAD based technical 
drawings (Fig. 49), it was found that further cost savings might be made through the 
use of an off the shelf standard bottle. This led to the development of another concept 
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that was presented in addition to the previous concepts at the meeting of the European 
Heads of Marketing meeting at P&G in Egham on 15th May 1992. This concept was 
presented via the same mixed digital and non-digital method as before (Fig. 50) 
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Fig. 49. Concept development. left: AutoCAD drawing. Right: Presentation Illustration 
Fig. 50. Concept development. Left: Computer Visualisation. Right: Appearance Model 
Further Development 
It was now felt that there was a viable concept in place and one that should be taken 
through to full specification for costing. However during this phase COD realised that 
there may be a further development of the design which would enable further cost 
reductions, this involved a reduction in the amount of plastic used, a cheaper bottle and 
labelling method and an adjustment to the tooling of the existing actuator rather than a 
full new tool. This new concept was developed as before using a combination of 
sketches, hand drawn GA's, 2D CAD drawings and computer visualisations (Fig. 51 & 
Fig. 52). 
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Fig. 51. Further concept development. Left: Sketches and right: Hand drawn GA 
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Fig. 52. Further concept development. Left: 2D AutoCAD drawings and right: Computer Visualisation 
Final Specification & Liaison 
There follows a long period where the design is further revised, specification drawings 
are issued (Fig. 53) and costs are received, during this time issues regarding the 
actuator are discussed and resolved. On 16th October 1992, a final presentation of the 
design (Fig. 40) and costs are given at the Centre, showing the revised design to be the 
most economical option. 
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Fig. 53. Final specification drawings for case and actuator 
46 
. r, _, .°ý 
2.3.3 Process Summary 
During this project computer visualisation is used to great effect, but it is used 
predominantly as a communicator and a facilitator for design making rather than as a 
design tool. Sketches and rough technical drawings (GAs) are used heavily throughout 
the process in order to continually evaluate the design. Models and computer 
visualisations were an extremely useful part of the process but they were done much 
more for the client than for the designer. This is probably due to two factors; the only 
3D software that was available and employed was principally a visualisation software, 
anything created within this medium had to be re-created in a specification driven 
medium in order that it might be communicated to manufacturers, this would not have 
been the case had the product been created in a solid modeller such as Pro/E. Also, the 
product was relatively easy to understand, the mechanisms were simple and easy to 
visualise, the forms were reasonably non-complex, the designer was able to cover a lot 
of ground with their own `minds eye' visualisation tools, the use of computer media 
performed a confirmation rather than an exploration function. However, what this 
project most strongly showed was the power of mixed media, of taking the most 
appropriate elements from each media and mixing them to form a complete and 
powerful communication package. 
2.4 Case Study 3: Medis 
Client: Department ofHealth Scotland 
Product: Medis 
Brief The design of a terminal and associated interface to allow patients 
to access their personal medical records held on an optical card. 
2.4.1 Documentary Evidence 
There are two sets of documentary evidence for this project, the evidence relating to 
the design and prototyping of the physical terminal itself, and the evidence relating to 
the design, development and implementation of the interface. The documentary 
evidence is categorised as follows: 
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Documentation Contents: Product 
(i) Original briefs, quotes, schedules and contracts 
(ii) Design reviews and general reports. 
(iii) Client Correspondence. 
(iv) Third Party Correspondence. 
(v) Quotations from suppliers. 
(vi) IPR: patents, trademarks & design registration 
Appendix 1: Supplier information. 
Appendix 2: Research material 
Documentation Contents: Interface 
(i) Client Correspondence. 
(ii) Third Party Correspondence. 
(iii) Design reviews and general reports. 
(iv) Interface Analysis / Research 
(v) Interface Specification 
2.4.1.1. Index 
The case study index can be found on the CD. 
2.4.2 Project Summary 
This document provides a summary or overview of the events that occurred during the 
execution of the project named `Medis'. The project was carried out by the Centre for 
Industrial Design on behalf of the Department of Health in Scotland and spanned a 
timescale between April 7th 1994 and January 24th 1996, however the core work was 
carried out between 28th July 1994 and 15th June 1995. This project differs to the other 
case studies in that it comprised the design of both hard and soft entities, a product and 
a computer interface. The main focus of this case study is the design of the product, 
however the interface is included as a relevant part of the project as a whole. 
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The Brief 
The project was linked to a research programme, which was, in response to 
government legislation, assessing the effect of allowing patients to have access to their 
personal medical records via an optical card. The information on the cards was 
accessible via a stand-alone terminal. It was felt that the existing unit, which had been 
described unflatteringly as a `brown steel coffin' was having an adverse effect on the 
findings. The Centre for Industrial Design were therefore commissioned to design a 
user-friendly unit, which had to contain a number of pre-determined hardware 
components, and had to allow for a range of ages and environmental locations. The 
Centre was further commissioned to redesign the interface which had to be 
sympathetic to the needs of the end user, be simple to use and easy to understand. Both 
the interface and the unit had to be friendly whilst retaining user confidence in the 
accuracy and security of the information presented. 
The Result 
The existing physical product consisted of a large brown steel box (Fig. 54) that had no 
sympathetic qualities towards the end user. It was monolithic, had no privacy provision 
and a screen that was at a height appropriate for only certain users. 
The resulting product (Fig. 54) had a large curving screen to give a feeling of privacy 
to the user and provided an optimum location for branding and instructions. The large 
flat surface gave the user a place to put bags or printouts. The angled screen enabled a 
wider range of people to use the unit, from children, to the wheelchair bound through 
to a standing adult. The hardware was concealed in a simple `cupboard' so allowing 
easy access to the various components for maintenance. The use of coloured laminates 
and soft, calm colours helped the unit fit in with the proposed location, the bright and 
friendly Inverurie Health Centre. 
The existing interface was DOS based on a bright blue background. The coding 
platform gave no opportunity for friendly graphics, and users found it difficult both to 
navigate through as well as to read. The resultant interface took colour cues from the 
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product, making it as calm and as friendly as possible. It consisted of a main 
information window and a strip along the right hand side within which the 4 most 
commonly used buttons would appear. The buttons always appeared in the same place 
so that the user would not get confused. Pictorial images were used wherever possible 
to assist the user, i. e. for entering a card, removing a printout etc. 
As a result of the design proposals the research programme received extensions in 
terms of both time and money. A MEDIS unit was placed on show in St Andrews 
House, the Go\ ernnicnt offices in Edinburgh. 
Fig. 54. Existing unit (left) and right: Medis unit 
The intention of this project was to create prototype units that would be used to 
facilitate the research programme; the initial proposal was for a single prototype 
followed by four more. However, as the project progressed the clients realised that 
multiple units would over stretch their resources and as a result only two prototype 
units were made. The scope of the interface element was to design an interface that 
could be implemented and used within the prototype units. 
2.4.2.1. Pre-Design Stage 
Unlike the other two case studies presented the clients in this case were relatively 
unused to buying design. The first stages of negotiation involved many meetings 
between the various parties through which we developed a greater understanding of 
both the political and design complexities of the project. This resulted in CfID drafting 
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Fig. 55. Left: Kintore Health Centre. Right: Inverurie Health Centre 
Initial Concept Generation 
Following the site visits we made scale models of each of the proposed sites. We used 
these to illustrate user movements and consequently to identify a likely location and 
space allocation for the terminal (Fig. 55). Concurrently with the research and planning 
stage we built full size soft models of all the components and started to look at possible 
configurations for the terminal (Fig. 56). We combined the results of the research 
report with these to create a number of configuration concepts that we presented on 
25th August 1994 (Fig. 57). This stage was very much focused on getting to grips with 
the issues and this was throuwh the medium of sketching and drawing. 
f 
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Fig. 56. Lett: Contextual Model of Im crune Health Centre 
Middle: Full size configuration rigs. Right: Initial configuration sketches 
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Fig. 57. Presentation boards for initial presentation 
2.4.2.3. Design Development Stage 
0 
Concept Development 
Following this presentation the asymmetrical concept, concept 3, was a clear favourite 
and development was continued along this theme. Continuing to use sketches, basic 
rigs & scale soft models to develop the concept (Fig. 58), further developments of the 
asymmetric concept were shown at a progress meeting on 4 `h October 1994 at which 
the idea for the product name: `Medis' was presented for the first time. With the name 
approved in principle, a trademark search was commissioned. Whilst the client was 
able to grasp the basic ergonomic concepts through the use of the rigs, this meeting 
identified the need to build a full . iie model as soon as possible. 
Fig. 58. Left: development drawing of asymmetric concept. 
Middle: Scale model. Right: Full size test rig. 
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Development moved quickly on with the building of the first full size soft model (Fig. 
59 left). This model proved that the ergonomic and scale issues within the product 
were nearly resolved and following approval of this model we proceeded to develop 
the design in more detail. The next stage of development involved us building the 
components digitally in 3D (Fig. 59 right); we were then able to build some concepts 
around this 3D `package' knowing that our basic scale and ergonomic requirements 
were correct (Fig. 60 left). We were also able to build models of the potential sites for 
the terminal, and place it virtually within these sites, this enabled us look at the spatial 
impact of the terminal and assess how it would look in-situ (Fig. 60 middle). During 
this stage we had also considered the manufacturing and finishing options and 
presented these as part of this stage (Fig. 60 right). 
Fig. 59. Left: Full size sketch model. 
Middle: Full size appearance model. Right: Internal components in 3D 
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Fig. 60. Left: 3D concepts. 
Middle: The concepts in-situ. Right: Materials and finishes 
Despite our ability to approximate how the product would look within the digital 3D 
environment we were still concerned that the full impact of the product with the 
proposed colours would be lost so a full size rig was built. This could take all the 
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components and be wired and used just as the final prototype would be. This was as 
close as we could take the design to the full product experience before the final 
commitment to prototype was made (Fig. 59 middle). 
The Concept Generation & Development stage was completed on 8th November 1994 
and the specification of the prototype commenced immediately. At this time the 
commitment to proceed with a product name and marque was given. 
2.4.2.4. Specification Stage 
O° 
Detail & Prototype Development 
This stage involved taking the 3D model of the preferred concept presented at the last 
stage and developing this model to resolve all the details of the product. However 
despite the bulk of this work happening in 3D, sketches were still being used to work 
out how the product might look, or how certain issues might be resolved (Fig. 61). The 
result was a fully finished 3D model (Fig. 61 & Fig. 62), enabling the production of 2D 
information from which the prototype would be made (Fig. 62). It was also during this 
stage that the design of the interface commenced with the Cf[D attending a 
familiarisation meeting with EDS on 8"' December 1994. The design of the interface 
commenced forthwith. 
Fig. 61. Left: Working out details using sketches. Right: 3D view of the finished design 
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Fig. 62. Left: 3D view of the finished design. Right: 2D drawings from the 3D data 
Corporate Identity 
Following receipt of the trademark approval, CflD had commissioned the Chase, a 
graphic design consultancy, to develop some concepts for the product logo (Fig. 63 & 
Fig. 64 left). The chosen concept (Fig. 64 right) was to be applied to letterheads, 
leaflets, the optical card & carrier, as well as to the unit itself. This logo was also to be 
used as an integral part of the interface design. 
medis 
Fig. 63. Proposals for the Medis logo 
medis MEI-)IS 
Fig. 64. Left: Proposal for the Medis logo. Right: The final logo 
Prototype Production & Installation 
This stage was very much a stage of hands on activity where all the component parts of 
the terminal were produced (Fig. 65). During this phase Cf D quickly developed the 
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interface in conjunction with EDS and following a series of interim presentations the 
final interface design was presented on 16 `h February 1995. The interface was then 
implemented in conjunction with EIAS at Swansea. 
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Fig. 65. Building the prototype 
On 15 `h June 1995 CfID install the 1st completed prototype at Inverurie Health Centre 
Fig. 66. Installing the prototype 
2.4.3 Process Summary 
This project used traditional and digital methods in very distinct stages. The first stages 
of the project were all about coming to terms with the issues and because of the scale 
of the project, getting used to all the volumes involved. The result was a very hands-on 
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(Fig. 66). 
an extensive project plan in order to persuade the client that they needed something 
that was `designed' rather than just `built'. We also had to convince them that a new 
interface was as necessary as a new terminal and although the initial part of the 
contract was for the terminal only, the interface was included at a later date. 
It was not clear at the early stages how much 3D modelling might contribute to the 
design process, whilst we believed it would have a place, we realised early on that it 
would have to fit alongside more traditional methods such as full scale soft modelling 
and rig building. 
2.4.2.2. Concept Generation Stage 
U 
Planning and research 
The original intention of the project was that a number of these prototype units might 
be built and placed in various health centres and hospitals within the region. The Pre- 
Design stage therefore concentrated mainly on researching these sites (Fig. 55), as well 
as looking at how people were using (or not! ) the existing terminal. This involved a 
number of site visits, culminating in a report, which we presented alongside our first 
stage concepts. The intention of this planning & research phase was to establish: 
design parameters, functional/technical requirements, psychological issues, 
manufacturing parameters, budgets and timescales. 
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approach, using lots of sketching and soft modelling. However, once these basic issues 
were resolved, 3D modelling became a very useful tool. 
Although the product appears simple, the geometry surrounding the angled & 
suspended monitor, combined with the curving back was especially complex. The 
ability to produce the 2D cutting patterns from the 3D models without doubt saved an 
enormous amount of time. In addition to this we were able to check component 
clearances very easily and put the product quickly into context to establish exactly how 
much space it would need and how this would affect its environment. 
The use of 3D within this project was essentially more of a practical than a 
`glamorous' one, and essential in resolving efficiently the technical requirements of 
production. The real human impact of the project came through the use of full size 
finished models, through which we were able to make decisions about interaction and 
ergonomics. 
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2.5 Peer Review 
2.5.1 Questionnaire 
The peer review of the Heuristic Map was carried via the Internet and 
feedback was 
obtained via a simple questionnaire as illustrated in Fig. 67 
below. 
A Heuristic Map for Digitally Integrated Design - Evaluation Questionnaire 
1. Please Indicate your area of expertise (please tick all that apply): 
designer Q design manager Q educator Q researcher 
Q 
L Do you, your company or Institution use 3D computing as a regular part of your design process, 
educational progranane or research activity? 
yes Q no Q dont know Q 
IL 9 NO, are you, your company or Institution considering using 3D computing as a regular part of 
your design process, educational programme or research activity? 
yes Q no Q dontknow Q 
4.   YES: Please Identify the 3D sollware you use on a regular basis 
1 -71 
Having had a chance to study the map- 
s. Do you think that the map has any relevance to the everyday practice of Industrial design, 
In terms of the choices that designers have to make with respect to the tools that they use? 
comments yes Q no Q dorrt know Q 
6. Do you think the map Is a relevant method of presenting research findings to a wider audience, 
La. professional designers? 
comments yes Q no Q dons know Q 
7. Can you Imagine any circumstance In which such a map might be of use to you? 
cornmerits yes Q no Q dont know Q 
If YES or DONT KNOW please go onto Question B. lt NO, please goon to Question 10 
8. Can you envisage using the map in any of the following contexts? (please tick all that apply): 
commercial design project 
Q rI academic design project 
Q II 
company, design methods review 
Q II 
personal methods review 
Q0 
company research programme 
Q EI personal resch programme 
Q0 
pes , interest QO teaching purposes QI 
other QI 
9. If you have ticked any of the above, can you Indicate for each where or how you might envisage 
using the map with these contexts. Please put the appropriate letters) In the box next to the 
tick. 
Please select from the following & use as few or as many letters as is appropriate. 
A. at the beginning of a project (before the real process of design has started), 
B. when you have a proem (as a pant of reference) C. as a checkpant (to see how your process relates toldllers fron map) 
D. after the project (to see how your process relates tatldlers from map) 
E other. please comment 
10. Were there areas of the model with which you strongly agree l disagree? 
yes, pled xvn* no 
Q dort know 
Q 
11. Wire there characteristics statements with which you strongly agreed I disagreed? 
, pý identify 
no Q dont know 
Q 
12. Is there anything you would Ike to see added or removed from the map? 
yes, please identify no 
Q dot know Q 
13. Out of necessity, certain generalisations have been made and terminologies adopted, did you 
find 
any of these terminologies inappropriate? If so, please Indicate which and why. 
yes please Oeriyh no 
Q dont know Q 
14. How easy / difficult did you find It to navigate the map? 
very easy Q easy Q neither easy or difficult Q difficult Q very difcun 
Q 
1 6. Any other eonwnenni 
Fig. 67. Questionnaire for Heuristic Map peer review feedback 
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2.5.2 Questionnaire responses 
10 questionnaire responses were received. A selection, presented in chronological 
order, is included here. The formatting has been adapted from email and therefore 
includes only the questions that the reviewer has responded to. 
Respondent Sample 1 
Date: Sun, 06 Aug 200017: 20: 15 
From: Wim Gilles: wgilles@ccs. carleton. ca 
Organization: Carleton University 
1. Please indicate your area of expertise 
A: (industrial, product) designer C: educator (Emeritus) 
2. Do you, your company or institution use 3D computing as a regular 
part of your design process, educational programme or research activity? 
A: yes. 
4. If YES: Please identify the 3D software you use on a regular basis: 
Pro Engineer 
5. Do you think that the map has any relevance to the everyday practice of industrial 
design, in terms of the choices that designers have to make with respect to the tools 
that they use? 
A: yes, but very little 
COMMENTS: for today's "normally" (=well) educated industrial designer the choices 
and their advantages and disadvantages are well known. They may use your map 
perhaps for "extra external" communication e. g. to a prospective client. In that case it 
should be a hard copy, to be discussed in person at a meeting and then left with the 
client. For internal communication? Perhaps with a graduate from an Art & Design 
school who is under the impression of knowing something about industrial design, but 
who in reality can only make pretty pictures. 
6. Do you think the map is a relevant method of presenting research findings to a wider 
audience, i. e. professional designers? 
C: don't know 
COMMENTS: I don't know what research findings you have in mind. 
7. Can you imagine any circumstance in which such a map might be of use to you? 
A: yes. 
COMMENTS: as an illustration in an article or in a chapter of the book for which I 
recently completed a second version of text. Also as an illustration in a lecture about 
CAID to First Year students 
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8. Can you envisage using the map in any of the following contexts? 
G: Personal interest. 
H: Teaching purposes. 
I: Other publications 
9. If you have selected any of the above, can you indicate for each where or how you 
might envisage using the map within these contexts? Please put the appropriate 
number(s) next to the selection. Please select from the following & use as few or as 
many numbers as is appropriate. 
(i): At the beginning of a project (before the real process of design has started), 
10. Were there areas of the model with which you strongly agree / disagree? 
B: No. 
11. Were there characteristics statements with which you strongly agreed / disagreed? 
B: No. 
12. Is there anything you would like to see added or removed from the map? 
A: Yes: There is no mention of the "digital data base" as the heart of the necessary 
qualitative and quantitative definition and delineation of a newly designed product. 
Such a digital database should be the base also for the communication of 'form, " 
internally, e. g. for renderings, stereo lithographically made models, prototypes and 
production moulds of parts. Geometric problems (research needed! ) galore to 
produce proper form databases. (See my book "Form Organization, New Design 
Procedures for Numerical Control, "Butterworth Heinemann, Oxford, 1991) 
13. Out of necessity, certain generalisations have been made and terminologies 
adopted, did you find any of these terminologies inappropriate? If so, please indicate 
which and why. 
No. 
14. How easy / difficult did you find it to navigate the map? 
C: Neither easy (n)or difficult. However, why don't you start with showing the whole 
map straight away in the beginning? 
In general. Why do you call your map Heuristic? I don't see any "heuristic" in it. Is it 
not just an illustration or overview of a situation? 
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Respondent Sample 2 
Date: Mon, 7 Aug 2000 16: 3 5: 23 +0100 
From: Steve Garner: S. W. Garner(a0pen. ac. uk 
Organisation: Open University 
1. Please indicate your area of expertise 
C: educator. D: researcher 
2. Do you, your company or institution use 3D computing as a regular part of your 
design process, educational programme or research activity? 
A: yes 
4. If YES: Please identify the 3D software you use on a regular basis: 
Varies enormously within the University but Auto CAD and 3Dstudio would be the 
main ones in my area 
5. Do you think that the map has any relevance to the everyday practice of industrial 
design, in terms of the choices that designers have to make with respect to the tools 
that they use? 
COMMENTS: Probably not in professional practice but certainly has possibilities in 
design education. I think most designers will have developed a preference for certain 
modelling tools. They will know what works for them in their context and will be 
sufficiently familiar with other modelling tools not to bother looking up when or where 
to use say, sketching or prototyping. There is a market for the map if it can be 
regularly updated so that the functionality of new modelling tools (CAD, rapid 
prototyping, new materials etc) can be demonstrated. This would be particularly useful 
where modelling tools have unexpected applications (for example, sketching via rapid 
prototyping). In such cases the examples would be very helpful and could be extended 
via a 'gallery' of further relevant examples. 
6. Do you think the map is a relevant method of presenting research findings to a wider 
audience, i. e. professional designers? 
COMMENTS: I view the map as a presentation of research material but not research 
findings. I think it could be developed to include research findings. Perhaps each 
page could contain comments from the respondents of your questionnaire? Research 
findings also suggest some form of commentary and a construction placed on the 
evidence by you. We need to be told what you believe you have achieved - so that we 
can disagree with you! (or, of course, wholeheartedly agree) Either way, constructing 
the research findings is your job - not the viewers. They will supply feedback opinion 
and suggestions but the responsibility (and the PhD) will be yours. Your abstract is 
very helpful but is qualitatively different to the content of the map. 
7. Can you imagine any circumstance in which such a map might be of use to you? 
COMMENTS: I teach design to undergraduates and one of the broader concepts 
concerns the functionality and value of modelling within designing. Your map would 
provide an excellent contribution to such teaching. At first I thought there was too 
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much repetition in your map. However, after a while I changed my mind. There are 
sound advantages to presenting students with a resource that reinforces the multi 
functionality of the various modelling types. Personally, I'm interested in the 
functionality ofsketching throughout the design process. Furthermore, I like your map 
because you begin to suggest that design progression doesn't depend on a formulaic or 
linear application of a set modelling tools. Some people develop concepts via 
engineering drawings, others make sketch constructions in foam, other sketch with a 
pencil. 
8. Can you envisage using the map in any of the following contexts? 
F: Personal research programme. 
G: Personal interest. 
H: Teaching purposes. 
9. If you have selected any of the above, can you indicate for each where or how you 
might envisage using the map within these contexts? Please put the appropriate 
number(s) next to the selection. Please select from the following & use as few or as 
many numbers as is appropriate. 
(i): At the beginning of a project (before the real process of design has started) 
(ii): When you have a problem (as a point of reference) 
(iii): As a checkpoint (to see how your process relates told fers from map) 
(iv): After the project (to see how your process relates to/differs from map) 
Probably all of these. 
10. Were there areas of the model with which you strongly agree / disagree? 
I think you need to review the engineering drawing content. There are many different 
type of drawing, each with a distinct purpose. General arrangement drawings have a 
d jerent function to drawings showing tolerances. This may seem pedantic but they 
are probably as different as say, sketching and rendering. 
11. Were there characteristics statements with which you strongly agreed / disagreed? 
B: No 
12. Is there anything you would like to see added or removed from the map? 
See comments above. 
13. Out of necessity, certain generalisations have been made and terminologies 
adopted, did you find any of these terminologies inappropriate? If so, please indicate 
which and why. 
I think your research is intended to enhance a designers modelling capability through 
the use of new computer-based resources. This might be its most marketable aspect. 
Designers have always used models to help them design including drawings, images 
and constructions. Prototypes are models, the thoughts in their heads are models - 
perhaps even the words they use are models? They are using models to explore, 
understand, create and explain. What your map begins to do is to suggest there might 
be more efficient modelling tools available for modern practice. It also, interestingly, 
63 
begins to substantiate the value of some older modelling tools like the humble pen or 
pencil! 
14. How easy/ difficult did you find it to navigate the map? 
Neither easy nor , 
ricult. 
Respondent Sample 3 
Date: Thu, 10 Aug 2000 19: 09: 40 +1200 
From: Lyn Bishop: bishop@kea. lincoln. ac. nz 
Organization: Lincoln University 
1. Please indicate your area of expertise 
A: designer. B: design manager. C: educator. 
2. Do you, your company or institution use 3D computing as a regular 
part of your design process, educational programme or research activity? 
A: yes 
4. If YES: Please identify the 3D software you use on a regular basis: 
AutoCAD and 3-d viz, Photoshop, arcview, arcexplorer, sage 
5. Do you think that the map has any relevance to the everyday practice of industrial 
design, in terms of the choices that designers have to make with respect to the tools 
that they use? 
A: Yes 
COMMENTS: however more applicable to those just starting out and beginning an 
understanding of design tools, etc I think established designers may pick and choose 
tools a bit more. [i. e. ways of representing). It could also be that in manufacturing the 
designer is locked into a production process and documented q. a. system that hinders 
flexibility of tool selection. In my field [landscape architecture, this includes design of 
individual components such as handles, water features, seating, screens, garden 
products etc. ] Practitioners are often working in small groups, or individually, where 
there is a reasonable amount of dialogue between the team members, and flexibility of 
tools and approach often driven more by the project budget, and whether there is a 
need to interface project data with other members of a cross-disciplinary team via e- 
mail, or website hyperlinks. 
6. Do you think the map is a relevant method of presenting research findings to a wider 
audience, i. e. professional designers? 
A: yes. 
COMMENTS: yes, very useful, especially good way of explaining to students, as a 
model of practice. 
7. Can you imagine any circumstance in which such a map might be of use to you? 
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A: yes, see comment above. 
8. Can you envisage using the map in any of the following contexts? 
A: Commercial design project. YES 
B: Academic design project. YES 
C: Company design methods review. YES 
D: Personal methods review. YES 
E: Company research programme. YES 
F: Personal research programme. YES 
G: Personal interest. YES 
H: Teaching purposes. YES 
9. If you have selected any of the above, can you indicate for each where or how you 
might envisage using the map within these contexts? Please put the appropriate 
number(s) next to the selection. Please select from the following & use as few or as 
many numbers as is appropriate. 
(i): At the beginning of a project (before the real process of design has started), 
(ii): When you have a problem (as a point of reference) 
(iii): As a checkpoint (to see how your process relates to/differs from map) 
(iv): After the project (to see how your process relates to/differs from map) 
(vi): Other, please comment 
All of these situations 
10. Were there areas of the model with which you 
strongly agree / disagree? 
B: No. 
11. Were there characteristics statements with which you strongly agreed / disagreed? 
B: No 
12. Is there anything you would like to see added or removed from the map? 
B: No. 
13. Out of necessity, certain generalisations have been made and terminologies 
adopted, did you find any of these terminologies inappropriate? If so, please indicate 
which and why. 
B: No. 
14. How easy / difficult did you find it to navigate the map? 
C: Neither easy nor dicult. 
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Respondent Sample 4 
Date: Mon, 14 Aug 2000 22: 14: 25 +0100 
From: Kevin McCullagh <kevin. mc@pobox. com> 
Organisation: Seymour Powell 
1. Please indicate your area of expertise 
A: designer 
2. Do you, your company or institution use 3D computing as a regular part of your 
design process, educational programme or research activity? 
A: yes. 
4. If YES: Please identify the 3D software you use on a regular basis: 
- SDRC 
- ProEngineer 
- CDRS 
- Solidworks 
5. Do you think that the map has any relevance to the everyday practice of industrial 
design, in terms of the choices that designers have to make with respect to the tools 
that they use? 
B: no. 
COMMENTS: I think it's really useful for students and I think practitioners would find 
it interesting, but most practitioners spend all their time on the machines and learn in 
a very hands on way 
6. Do you think the map is a relevant method of presenting research findings to a wider 
audience, i. e. professional designers? 
A: yes. 
COMMENTS: It's the only way! 
7. Can you imagine any circumstance in which such a map might be of use to you? 
B: no. 
COMMENTS: I'm not involved with 3D CAD in our studio, as it is only used in 
more downstream activities, my contact with a project tends to drop off after the 
concept design stage 
10. Were there areas of the model with which you strongly agree / disagree? 
C: Don't know. I didn't read every page, but the stuff I did I agreed with! 
11. Were there characteristics statements with which you strongly agreed / disagreed? 
B: No. 
12. Is there anything you would like to see added or removed from the map? 
B: No. 
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13. out of necessity, certain generalisations have been made and 
terminologies adopted, did you find any of these terminologies inappropriate? If so, 
please indicate which and why. 
A: Yes (please identtlyy'). 
Call me forgetf: il, but I've forgotten tit hat 'Heuristic' means, should it be explained or 
maybe there's another isay of saying it? I wasn't sure what 'Comm. ex. external' meant 
- 'unconstrained and constrained' models could do with a wee explanation (maybe a 
hotlink to a glossary or a new wrindotiti) 
14. How easy / difficult did you find it to navigate the map? 
B: Easy. 
15. Any other comments? 
- it might be quite nice to provide a brief 'backstory'for each project, so users can 
orientated themselves with the brief..... You have done that, its in help 
- initially confused by green and pink, thought that pink meant digital and green non- 
digital, then realised that they symbolised different projects 
- there are lots of cool digital integrated techniques that don't involve 3D. It might be 
worth adding a rider in your intro to make it clear that 'digitally integrated' does not 
equate with '3D' 
2.6 Distribution Maps 
The first and most relevant of the distribution maps involved a matrix of the 'what' & 
'why variables (Fig. 68), illustrating which forms of media were used by certain 
reasons for use, regardless of the influence of the timeline. An adaptation of this data 
array technique was later employed in the full cross case analysis. There then followed 
two further maps, the first (Fig. 69) mapping the communication variable `who' 
against the media variable `what' and establishing some general reasons for using 
certain forms of media for certain types of communication, independent of the time 
line. The second distribution map (Fig. 70) looked at the relationship between the 
media types and the timeline attributes. 
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ddda Vi, C1. -E "0 
Think quickly " " 
Record ideas " " 
Annotate " 
Report " 
Generate ideas " 
Give idea form " 
Develop / refine idea " " " 
Develop / refine detail " 
Develop / establish 3D form " " " " " 
Proportions / scale " " " 
Initial ergonomics " 
Develop / est. 3D geometry " " 
Component interaction " " 
Initial mech / functional " " " 
Use to test " 
Assembly " " " 
Entry level specification " 
Costings " " " " 
Colour proposals " " 
Sell concept " " 
Reaction to environment " " 
Finish / materials " " " 
Integrate graphics " " 
Capture ess / emot / charac. " " 
Relationship comps in use " 
Simulate reality " 
Dimension / accuracy " " " 
Finite 3D form " " " 
Emotional response " " 
Client confidence " " " " 
Virtual creation part " 
Qualify fit / interaction 
" 
Market / consumer testing " " " 
Physical model - feel/ touch / hold. " " 
Clarify all iss; abs. conf. part " 0 
Functionality in use 
Fig. 68. Distribution map cross-referencing reasons for use with media types. Digital media are shown by red, 
traditional by green. 
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Distribution: communication 
communicate communicate communicate communicate client comm. 
to self to peers to client to toolmaker/mfr to peers 
words words 
sketch sketch 
draw draw 
soft model soft model 
computer model computer model 
trad. render 
2D specification 2D specification 
2D CAD spec. 2D CAD spec. 
render/raytrace 
app. model app. model app. model 
3D specification 
prototype prototype prototype 
comp. animation comp. animation 
rapid prototype rapid prototype rapid prototype 
for self but show to others 
share with 
share with other designers client 
done solely 
for client 
li f and client share with team done or c ent teams 
share with team for client 
for tlmaker 
manufacturer 
for t/maker 
manufacturer 
Fig. 69. Distribution map illustrating the relationship between communication and media types. 
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Appendix 3: Published Material 
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3.0 PUBLISHED MATERIAL 
A number of refereed papers and seminars were presented during the research 
programme; the key ones are listed following: 
A Heuristic Model for Digitally Integrated Design, a paper published in Co-Design 
Journal, 07.08.09,1996. 
What have we learnt so far about using computers? A paper presented at `Networking 
Design', Design for Industry Course Conference, UNN, March 21,1996. 
Digital Integration & Designer Tactics. A paper presented at the CADE Postgraduate 
Conference, Coventry University, March 26,1996. 
The Integration of the Digital in the Design Process. A paper presented at `Multi- 
Viewpoint: Shaping the Human Computer Interface', DRS Seminar, UNN, July 2, 
1998. 
Two of the papers are included in the following sections. 
3.1 A Heuristic Model for Digitally Integrated Design 
Published in Co-Design: s3.07.04: 05: 06.96: 2 
This paper is based on an investigation into the impact that digital technologies are 
having on the everyday working practices of the industrial designer, specifically in 
terms of its use as a tool for communication and decision-making. It discusses the 
creation of a, `heuristic model for a digitally integrated design process' through the 
undertaking of a number of commercial design projects. This study harnesses the 
principles of an Action Research methodology and comprises reflection on three years 
work within the Centre for Industrial Design, a research led design consultancy. As 
such this work has been developed by practitioners, for practitioners, working within a 
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reflective research framework (1). The resultant model represents the integration of 
digital technologies with traditional processes for designing. Set within the context of 
industrial design consultancy practice, it seeks to establish the points at which, the 
means by, and the reasons why, digital technologies might be used within the design 
process. 
Introduction 
From the corporate to the domestic environment, there is no doubt that the `technology 
revolution' is having a real effect on our lives (2). This is particularly the case in 
industrial design, where the demand on designers follows in the wake of advances in 
technologies for engineering and manufacturing. Consultants are now required to 
provide a more comprehensive design and development service, resulting in a greater 
pressure on the technological capabilities of industrial design practice (3). Ranging in 
complexity from basic 2D CAD through to VRML (4), digital technologies have had, 
and will continue to have, a lasting impact on industrial design practice. 
Design and Communication 
Much of the design process is esoteric and complex. Designers conventionally employ 
a broad range of media to assist them in carrying out the process. These media assist 
designers in their creative process by externalising a design `thought' and making it 
tangible and therefore open to review, either by themselves or others. The 
externalisation of what is seen by `the minds eye', as described by Ferguson (5), and 
Cross (6), are acts of communication: 
"Both the engineer and the artist start with a blank page. Each will 
transfer to it the vision in his mind's eye. " 
"This ability to design depends partly on being able to visualise 
something internally, in the `minds eye', but perhaps it depends even 
more on being able to make external visualisations" 
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Communication is key to the design process in that it acts as a facilitator for the 
creative act. It is assumed that effective decision-making is intrinsic to an effective 
design process, however if a design `thought' is inappropriately communicated then 
design decisions maybe made to the detriment of the future development of that 
design. The management of the media is therefore critical - as the inappropriate use of 
media can cause problems whether communicating internally within the design team 
or externally to clients. But which form of communication is appropriate and under 
what circumstances? This leads us to ask: 
" Is it appropriate to use digital technology to enable to process of designing? 
" Is it appropriate to use digital technology to communicate the design? 
Having considered these questions relative to the same questions for traditional 
technology, this paper describes a model for Digitally Integrated Design (DID). DID is 
seen as the incorporation of activities such as digital modelling, animation and rapid 
prototyping into the traditional design process. The model is represented in the form of 
a heuristic map, proposed to be used by practising designers to aid in their 
understanding of, and involvement in, DID practice. The map charts a potential route 
for this integration, defining the paths of activity and integration for both traditional 
and digital forms of communication, asking three essential questions of 
appropriateness: what to use?, where to use it?, and why? The map seeks to reflect 
actual practice and is inherently heuristic. It provides a logical framework within 
which the effects of integrating digital technology into the industrial design process 
can be assessed. 
Another model for design? 
More design research is being carried out than ever before (7). The use of technology 
has become a major issue with researchers. They have concerned themselves with 
issues such as the nature of the effect of digital technology on the actual creative 
process (8), looking at factors affecting the integration of 3D CAD (9), and the 
response of design practice to the introduction of computing technologies (10). 
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However, it would appear that little work has been done concerning the role of digital 
technology in terms of its effectiveness as a communication tool. In particular its effect 
on how industrial designers communicate both internally and externally, and 
consequently its impact upon the tools and techniques which designers use. 
Case studies 
Three case studies underpin the findings of the research, chosen for three reasons, they 
represent: 
" the predominant type of work carried out by the Centre this reflects the context 
in which the research has been carried out; 
" three principal areas of industrial design practice, i. e. conceptual design, 
customised design for batch production, design for mass production; 
" the utilisation of a wide range of both traditional and digital processes 
Case study 1. Procter & Gamble - SoulagiL 
(Fig. 71 & Fig. 72) 
A conceptual project to investigate the possibility of achieving a 30 per cent reduction 
in the manufacturing pack cost of a retail pharmaceutical throat spray. 
The key feature of this case study was the variety of approaches used through which 
the client could assess the various design proposals that were presented. The most 
effective of these was the use of 3D fully rendered digital images in conjunction with 
white models (11). This was particularly appropriate for a hand held product which 
incorporates a high level of surface graphics, the technique allowed both individual 
and simultaneous visual and ergonomic assessment. 
media employed 
Traditional: words, sketch, draw, soft model, 2D spec (GA), render. 
Digital: computer model, ray trace, 2D spec. 
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Fig. 71. Hand rendering of'Soulagil' Concept 
Case study 2. Department of Health, Scotland - Medis 
(Fig. 73 & Fig. 74) 
The project entailed the design and production of five public access terminals through 
which patients can access their personal medical history. 
The activity within this project mainly took place in the traditional domain. However 
computers were effectively employed as a validation and specification tool. The key 
means of communication was full scale soft modelling; this was imperative in order to 
evaluate all issues relating to form, ergonomics, detailing and functionality at a human 
scale. The production of fully working prototypes allowed for `in-situ' user feedback. 
media employed 
Traditional: words, sketch, draw, soft model, 2D spec (GA), prototype. 
Digital: computer model, render, 3D spec. 
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Fig. 72. Final computer visualisation 
T4_ 
Case study 3. Multinational Pharmaceutical - Bi-liquid mixing system 
(Fig. 75 & Fig. 76) 
The project entailed the design of a mass produced bi-liquid container within which the 
liquids must be kept separate and inaccessible to the user until mixed. The mixing 
system must be fail-safe. 
This project could not have been realised without the use of computing technology. 
Although the operation of the product is simple to the end user, in order to design the 
complex functionality, the use of computers was essential for validation and 
communication. Sketching and drawing could only reach a certain stage of 
development. Traditional modelling processes would have been not only virtually 
impossible considering the complexity of the parts, but extremely expensive and time 
consuming. The use of rapid prototyping enabled the evaluation of the concept within 
24 hours of commissioning the part. 
media employed 
Traditional: words, sketch, draw, 2D spec (GA). 
Digital: computer model, render/ray trace, animation, 2D spec., 3D spec., rapid 
prototype. 
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Fig. 74. Final Mcdis prototype Fig. 73. Initial sketches of Medis concept 
I 
Fig. 75. Drawing of initial Bi-Liquid Mixing 
System concept 
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Fig. 76. Still from Bi-Liquid Mixing System animation 
Drawing the map 
Taking the findings of each case study, the use of various forms of media was 
categorised and ordered against three questions: 
where to use the media? 
The principal zones of the map were identified in terms of the Centres' four most 
common stages as quoted to clients: 
0 Stage 1- Pre-Design, 
0 Stage 2- Concept Generation 
9 Stage 3- Design Development 
0 Stage 4- Specification 
what to use? 
An identification of the media commonly used as an aid to the design process. For 
clarity these are split into subsets of digital and traditional. 
Traditional: Words, sketch, draw, soft model, render, 2D spec., appearance model, 
prototype 
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Digital: Computer model, render/ray trace, animation, 2D spec., 3D spec., rapid 
prototype. 
why use it? 
An identification of reasons for using these forms of media, this comprises three 
elements: 
Specific: the reasons for using a particular form of media, such as `sketch'. 
General: the reasons for using a range of media within each stage of the process, such 
as `record'. 
Communication: reasons for communication take two forms: `Direct' and `Indirect'. 
At this point the reasons for using them are identified independently of the points at 
which they are used. Fig. 77 illustrates the relationship between all of these factors; the 
map was formulated in the following wayy. 
" Identify the zones of the map, `where'. 
" Relate the media, (what) to, `where'. 
" Relate specific reasons, (why) to `what'. 
9 Relate reasons for communicating (why) to `what'. 
" Relate general reasons, (why) to `what'. 
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Studying the map 
Analysis of the model within the individual stages showed the following: 
Pre-Design: No reasons appear to be evident in supporting the use of digital 
technology. 
Concept Generation: No reasons appear to be evident to support the use of digital 
technology for its own sake. 
Design Development: There appear to be an equivalent number of reasons for using 
either form of media. 
Specification: The balance moves in favour of digital media. 
Analysis of the process of building the map, combined with the findings of the case 
studies, allows us to make a number of statements regarding the strengths and 
weaknesses of digital technology. 
benefits of digital technology 
Using digital technology appears to benefit design activities such as: 
Design Validation: providing the ability to interrogate all aspects of the digital model 
before it is built. 
Design Editing: Changing colour or materials or making detail modifications. 
Specification: from enabling the generation of 3D files for tool making, to the 
production of 2D plots. 
Prototyping: the production of accurate working models from computer data. 
Communication: from interactive on screen computer models providing focus for 
discussion with peers, to the use of photo-realistic imagery and animation to convince 
a potential marketplace. 
weaknesses of digital technology 
Using digital technology has a number of weaknesses, it can be: 
Restrictive: lack of user skill or flexibility in modelling tools can lead to a loss of 
design quality where the computer drives the design, rather than vice versa. 
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Time taken to build: building computer models is time consuming, it is necessary to 
identify whether or not their use is appropriate. 
Integrity of model: is the model built in such a way so as to allow future flexibility? 
Lack of sensory feedback one cannot touch, feel or hold the model. 
Processing power: especially with areas such as animation, a lack of processing power 
can compromise what one can afford to communicate. 
This led us to draw a number of conclusions: 
" Computers are ideally suited to specific, well-defined tasks. It may be 
inappropriate to use as a blank sheet of paper, trying to `design' on it. 
" Digital technologies do not provide a panacea for design practice. The use of 
media is context specific, depending on the individual nature and demands of 
each design project. 
" Digital technologies are better suited to the latter stages of the design process, 
when more parameters are in place and creativity is not so important (12). 
" Digital technologies do not replace traditional media; instead they work together 
to provide a comprehensive design and communication resource. 
Reflection on practice 
In adopting action research principles (13) the research has endeavoured to maintain 
proximity with industrial design practice, this is achieved by completing the cycle of 
design, reflection and evaluation to inform further practice, thus allowing the creation 
of tools for practice, rather than abstract academic theories (14). 
Conclusion 
The Centre has found that whilst digital technologies do not provide a panacea for 
Industrial Design practice, their use can enable a substantial improvement in the 
effectiveness and efficiency of the design process, but only if managed in an 
appropriate manner. Computers cannot do everything and it is imperative that the level 
of their use is concurrent with the needs of each design project. The use of CAD as a 
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validation tool gives a greater confidence in the design as it allows more issues to be 
interrogated before commitment to manufacture is made, however if used 
inappropriately or too soon in the process, CAD can inhibit creativity as in the main it 
requires a both a significant level of user skill as well number of design parameters to 
be in place before it is attempted. A computer is a powerful tool, but its use does not 
turn a designer into a better designer, however it may enable that designer to make 
better design decisions. The Centre has found that computers are not the solution; they 
are merely part of a big picture in which the main criterion is retaining optimum design 
quality. As long as products are conceived by and produced by humans, industrial 
design will always be accountable to the end product and no amount of computing 
power can change that. 
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3.2 Digital Integration & Designer Tactics 
Abstract 
This presentation/paper is based on the findings of a PhD programme entitled: 
`Developing methods for the integration of digital modelling media into the industrial 
design process : The study is principally involved with an investigation into the impact 
that digital technologies are having on the everyday working practices of the industrial 
designer, specifically in terms of its use as a tool for communication. 
The paper discusses the development of a `heuristic model for digitally integrated 
design' through the completion of a number of commercial design projects. The 
resultant model represents the integration of digital technologies with traditional 
methods for design development. Set within the context of industrial design 
consultancy practice, it seeks to establish the points at, the means by, and the reasons 
why communication might be used to effect decision-making. 
Introduction 
There is no doubt that the `technology revolution' is having a distinct and apparent 
affect on our lives (1), from corporate business to the domestic environment. This is no 
more apparent than in the field of industrial design, where the demand on designers 
follows in the wake of advances in technologies for engineering and manufacturing. 
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Consultants are now required to provide a more comprehensive design and 
development service, resulting in a greater pressure on the technological capabilities of 
industrial design practice (2). Ranging in form from basic 2D CAD through to the 
complexities of VRML (3), digital technologies have had, and will continue to have, a 
lasting impact on industrial design practice. 
Design and Communication 
Much of the design process is esoteric and complex. Designers habitually employ a 
broad range of media to assist them in carrying out the process. These `tools' assist 
designers in their creative process by externalising a design thought and making it 
tangible and therefore open to review, either by themselves or others. This 
externalisation as described by Cross (4), is an act of communication, 
"This ability to design depends partly on being able to visualise 
something internally, in the `minds eye ; but perhaps it depends even 
more on being able to make external visualisations" 
Communication is key to the design process in that it acts as a facilitator for the 
creative act. It is assumed that effective decision-making is intrinsic to an effective 
design process, however if a design thought is inappropriately communicated then 
design decisions may be made to the detriment of the future development of that 
design. The management of the media is therefore critical as the inappropriate use of 
media can cause problems whether communicating internally within the design team 
or externally to clients, but which form of communication is appropriate and under 
which circumstances? 
This leads us to ask: 
0 Is it appropriate to use digital technology to develop the design? 
9 Is it appropriate to use digital technology to communicate the design? 
Having considered these questions relative to the same questions for traditional 
technology, this paper presents a case for a model for Digitally Integrated Design 
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(DID). DID is seen as the incorporation of activities such as digital modelling, 
animation and rapid prototyping into the traditional design process. The model is 
represented in the form of a heuristic map, proposed to be used by practising designers 
to aid in their understanding of, and involvement in, digitally integrated design 
practice. The map charts a potential route for this integration, defining the paths of 
activity and integration for both traditional and digital forms of communication, asking 
three essential questions of appropriateness: what to use?, where to use it?, and why? 
The map is deliberately practical and inherently heuristic, it provides a logical 
framework within which the effects of integrating digital technology into the industrial 
design process can be assessed. 
Another model for design? 
Design research is becoming more prevalent (5) with the subject of technology an 
issue of major debate. Design researchers have begun to investigate the nature of the 
effect of digital technology on the actual creative process (6), looking at factors 
affecting the integration of 3D Computer Aided Design (CAD) (7), and the response of 
design practice to the introduction of computing technologies (8). However, it would 
appear that little work has been done concerning the role of digital technology in terms 
of its effectiveness as a communication tool. In particular its affect on how industrial 
designers communicate both internally and externally, and consequently its impact 
upon the tools and techniques which designers use. 
Action Research 
This study, based on the principles of an Action Research methodology, comprises 
reflection on three years work within the Centre for Industrial Design. As a research 
led design consultancy, the work presented in this context has been developed by 
practitioners, for practitioners, working within a reflective research framework (9). 
The work presented in this paper has been generated through the completion of 
commercial contracts and in particular three case studies carried out over the period, 
observations from other projects have also supported the research. The case studies 
have been chosen for three reasons, they represent: 
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" the predominant type of work carried out within the Centre and therefore the 
context upon which the research is based; 
0 the three principal areas of industrial design practice, i. e. conceptual design, 
customised design for batch production, design for mass production; and 
" the utilisation of a wide range of both traditional and digital processes. 
Case Study 1. Procter & Gamble - SoulagiL (Fig. 78 & Fig. 79) 
A conceptual project to investigate the possibility of achieving a 30% reduction in the 
manufacturing pack cost of a retail pharmaceutical throat spray. Timescale -6 months. 
The key feature of this case study was the variety of methods used through which the 
client could effectively assess the various design proposals that were presented. The 
most effective of these was the use of 3D fully rendered images in conjunction with 
white models. This was particularly appropriate for a hand held product which 
incorporates a high level of surface graphics, the technique allowed both individual 
and simultaneous visual and ergonomic assessment. 
Media employed 
Traditional: words, sketch, draw, soft model, 2D spec (GA), render. 
Digital: computer model, ray trace, 2D spec. 
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Fig. 79, Final computer visualisation Fig. 78. White models of'Soulagil' Concept 
Case Study 2. Department of Health, Scotland - Medis (Fig. 80 & Fig. 81) 
The design and production of five public access terminals through which patients can 
access their personal medical history. Timescale - 12 months 
The activity within this project mainly took place in the traditional domain however 
computers were effectively employed as a validation and specification tool. The key 
method of communication was full scale soft modelling; this was imperative in order 
to evaluate all issues relating to form, ergonomics, detailing and functionality. The 
production of fully working prototypes allowed for in-situ user feedback. 
Media employed 
Traditional: words, sketch, draw, soft model, 2D spec (GA), prototype. 
Digital: computer model, render, 3D spec. 
Fig. 80. Full scale model of Medis concept 
Case Study 3. Multinational Pharmaceutical - Bi-liquid mixing system 
(Fig. 82 & Fig. 83) 
The project entailed the design of a mass-produced bi-liquid container. Until the point 
of mixing the liquids must be kept separate and inaccessible to the user. The mixing 
system must be fail-safe. Timescale -2 years 
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Fig. 81. Final Medis prototype 
This project would never have reached the stage it has without the use of computing 
technology. To the end user the functionality of the product is simple, however in 
design terms, in order to comprehend the complex functionality, the use of computers 
to both validate and communicate was essential. Sketching and drawing could only 
reach a certain stage of development. Traditional modelling processes would have not 
only been almost impossible considering the complexity of the parts, but also 
extremely expensive and time consuming. Utilising rapid prototyping we were able to 
evaluate the concept within 24 hours of commissioning the part. 
Media employed 
Traditional: words, sketch, draw, 2D spec (GA). 
Digital: computer model, render/ray trace, animation, 2D spec., 3D spec., rapid 
Fig. 82. Computer visualisation of Fig. 83. Still from Bi-Liquid Mixing System animation Bi-Liquid Mixing System concept 
Drawing the map 
Taking the findings of the case studies, the use of various forms of media within the 
context of each case study was categorised and ordered against three questions: 
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Prototype. 
Where to use the media?: Based on an identification of the fundamental stages in a 
commercial design process, the principal zones of the map are identified in terms of 
the four main stages in the design process: 
" Stage 1: Pre-Design 
" Stage 2: Concept Generation 
" Stage 3: Design Development 
" Stage 4: Specification 
What to use?: An identification of the media commonly used as an aid to the design 
process. For clarity these are split into subsets of digital and traditional. 
" Traditional: 
Words, sketch, draw, soft model, render, 2D spec., appearance model, prototype 
" Digital: 
Computer model, render/ray trace, animation, 2D spec., 3D spec., rapid prototype. 
WhýSe it?: Identification of reasons for using these forms of media, comprises three 
elements: 
" Specific: the reasons for using a particular form of media, such as `sketch', e. g. 
Tank quickly, Generate ideas, Record ideas, Develop ideas, Give an idea a form. 
" General: the overall reasons for using a range of media within each stage of the 
process identified by `where', e. g.: Record, Generate, Develop, Model, Visualise, 
Specify. 
" Communication: reasons for communication can take two forms. `Direct ` i. e. 
communication to: self, peers, client, tool-maker, manufacturer, and `Indirect' i. e. 
communication from: client to peers, client to potential marketplace. 
At this point the reasons for using them are identified independently of the points at 
which they are used. Fig. 84 illustrates the relationship between all of these factors, the 
map was first formulated by myself in the following way and then validated by the 
Centre team. 
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The following actions were carried out to create the map: 
" Identify the zones of the map, `where'. 
" Relate the media, (what) to, `where'. 
" Relate specific reasons, (why) to `what'. 
" Relate reasons for communicating (why) to `what'. 
" Relate general reasons, (why) to `what'. 
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Studying the map 
Analysis of the model within the individual stages showed the following: 
" Pre-Design: No reasons appear to be evident in supporting the use of digital 
technology. 
" Concept Generation: No reasons appear to be evident to support the use of digital 
technology for its own sake. 
" Design Development: There appear to be an equivalent number of reasons for 
using either form of media. 
" Specification: the balance moves in favour of digital media. 
Analysis of the building and resultant map, combined with the findings of the case 
studies, led me to draw a number of conclusions: 
" Digital technologies do not provide a panacea for design practice. 
" The use of media is context specific, i. e. it depends on the nature and demands of 
the individual research project. 
" Digital technologies are better suited to the latter stages of the design process, 
when more parameters are in place and creativity is not so important (10). 
" Digital technologies do not replace traditional media; instead they work together to 
provide a comprehensive design and communication resource. 
Reflection on Practice 
The Centre for Industrial Design in its position as a combined academic and 
commercial entity are fortunate in being able to suspend the economic argument of 
having to use computers because they are a substantial overhead. When this research 
programme was started three years ago we believed that computers were going to 
provide, if not a panacea, then a substantial improvement in the effectiveness and 
efficiency of industrial design practice. The Centre has learnt however that computers 
are not the solution; they are merely part of a big picture in which the main criteria is 
retaining maximum design quality. Computers are powerful tools, but their existence 
does not make us better designers. As long as products are conceived by and produced 
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by humans, industrial design will always be accountable to the end product and no 
amount of computing power will change that. 
Adopting action research principles (11) we have endeavoured to remain true to 
industrial design practice whilst generating research findings which can be directly 
disseminated from a research to a practitioner base, allowing the creation of tools for 
practice, rather than abstract academic theories (12). 
What next? 
The model must be disseminated to the design profession for validation. To do that it 
must be represented in a form that can be both understood and utilised. This is an issue 
relating to the appropriateness of media in its own right and therefore is a 
manifestation of the argument presented in this paper. 
As it stands the model only goes part way to understanding the role of traditional and 
digital media within the design process. Currently it only identifies the structural 
relationships between the major factors affecting the integration of digital technology. 
There are many other factors which need to be considered, such as: 
" Value: what is the value of each form of media at specific stages in the design 
process? 
" Skill: what is the influence of user skill on the selection of media and what affect 
might this have on the design idea as it moves through the process? 
" Pros and cons: why use one form of media over another? What are the advantages 
and disadvantages? 
" Predecessors: certain forms of media are dependent on others having gone before, 
how does this affect the potential for integration? 
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